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SECTION I
IN TRODUC TION
H. J. Gordon
and VII flight paths, and the way in which they were determined.
paths are separated into three phases:
This report describes the current best estimate (CBE) of the Mariner VI
The flight
1)
2)
Launch to maneuver or pre-maneuver phase.
This phase was characterized by the spacecraft velocity profile
showing high sensitivity to its position relative to the earth. Under
these conditions, the orbit could be very well determined after four
or five days of continuous tracking.
Results of pre-maneuver tracking showed how the trajectory would
have appeared if no maneuver had been l_erformed. Based upon
these results, maneuvers were performed to attain the desired ter-
minal conditions.
Cruise or post-maneuver phase.
This phase was characterized by the spacecraft velocity profile
showing very low sensitivity to its position in space. Under these
conditions, the orbit determination process took several weeks to
converge to as good an estimate as had been attained at the time
the maneuver was performed. Due to the requirements to track
other spacecraft, it was not possible to schedule continuous track-
ing coverage during this period, which additionally delayed the time
at which good orbit estimates became available.
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Initial results were used to determine whether or not a second
maneuver would be necessary. In both cases, the maneuvers
placed the spacecraft on sufficiently accurate trajectories so that
all mission requirements were satisfied.
After accumulating a significant amount of tracking data, the
results were used to plan detailed encounter sequences, which
would be modified based on the tracking data accumulated during
the encounter phase.
3) Encounter phase.
This phase was characterized by an increasing sensitivity of the
spacecraft velocity profile to its position relative to Mars. Due to
the high approach speeds, only the last few hours of pre-encounter
data could be used to significantly increase the accuracy of the
orbital estimates. In order to utilize as much tracking data as pos-
sible, final pre-encounter orbits were computed using tracking data
taken up to approximately four hours before encounter. These final
orbits were then used as the basis for positioning the scan platform
to point the scientific instruments. Post-encounter tracking data,
being very sensitive to the exact geometry near Mars closest
approach, was then processed to very accurately determine the
actual orbits.
These three basic mission phases covered different time intervals
for the two spacecraft, and were interrupted by perturbing events which
occurred on the spacecraft. Table l-i lists the events which affected the Mari-
ner VI and VII flight paths.
There were two reasons for doing the Mariner VI maneuver as early as
possible:
1) The trajectory geometry was such that the required pitch turns
would have pointed the low gain antenna in a direction such that very
poor telecommunications would have resulted if the maneuver were
performed at L+5 days, or later.
2) In case anything went wrong, analysis could have isolated a design
flaw in time to take corrective action on the other spacecraft.
1-Z JPL Technical Memorandum 33-4t,0
Table l-l. Chronology of Events
Event
1. Launch
2. Maneuver
3. Scan unlatch
4. Attempted
Magellenic
Cloud acqui-
sition
(MA VI)
5. Pre-
encounte r
anomaly
(MA VII)
6. Encounter
Time
Mariner VI
25 Feb 1969
01h29m02s013
1 March 1969
00h54m44 s
(L + 95 hr)
6 March 1969
19hl lm38 s
(M + 138 hr)
30 April to
3 May 1969
N°A°
31 July 1969
05h19m07 s
Mariner VII
27 March 1969
22hz2m01s. 198
8 April 1969
20h22m09 s
(L + 286 hr)
8 May 1969
19h18m26 s
(M + 719 hr)
!XJo A°
Started on
30 July 1969
22h10m58 s
5 August 1969
05h00m50 s
Comment
Very accurate injection for
both spacecraft.
Motor ignition time, at space-
craft. Both maneuvers were
quite small and execution was
sufficiently accurate to meet
all mission requirements.
Accomplished by venting
compressed nitrogen, which
resulted in small velocity
changes, of approximately
10 mm/sec.
Non-standard sequence,
attempted due to anomalous
behavior of MA VI Canopus
cone angle switching logic.
Slight thrust unbalance be-
tween roll control jets ("-0.7%)
caused small velocity change,
of approximately 2 mm/sec.
Apparent rupture of battery
case and venting of solute
caused loss of signal, elec-
trical transients and damage
to several telemetry channels,
and a significant velocity
change over a period of days.
(Total velocity change was
approximately 150 mm/sec).
Time of closest approach.
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Similarly, the scan platform unlatch was accomplished as soon as a
reasonably good orbit determination was available, in order to allow time for
any corrective action which might be necessary prior to the Mariner VII
launch. When the unlatch occurred, the spacecraft went into a roll search. It
was determined that though the spacecraft had been constructed under standard
"clean room" conditions, dust particles were present on its surface. The nitro-
gen gas venting':" dislodged some of these particles which subsequently reflected
sunlight into the Canopus Star Tracker (CST) field of view and appeared to be
brighter than Canopus so that they were tracked until they had moved away from
the spacecraft. Canopus was automatically re-acquired approximately 26 rain
later. The short tracking data span between maneuver and scan unlatch did not
allow a high precision orbit estimate to be made.
After the successful Mariner VII launch, telemetry showed that the Cen-
tral Computer and Sequencer (CC&S) was in a non-standard mode. Subsequent
analysis showed that there had not been any equipment failure, and a hypothesis
based on spacecraft behavior during the launch environment explained the CC&S
state. Right after launch, however, the CC&S behavior was not understood, and
a decision was made to not transmit any ground commands until the CC&S state
was clarified. This resulted in:
l) No ranging for the first five days of flight. (The spacecraft ranging
transponder must be turned on by ground command - ranging was
turned on for Mariner VI at L + 90 rain. )
2) Automatic star acquisition logic resulted in acquisition of the star
Vega as a roll reference. On April I, a roll-search command was
sent and Canopus was acquired. This rotated the high-gain antenna
approximately 180 deg around the roll axis, and caused the non-
radial components of solar pressure to-act in opposite directions
before and after Canopus acquisition.
The Mariner VII maneuver was executed on April 8. The required pitch
turn, using Canopus as a roll reference would have tilted the solar panels 60
deg from the Sun direction, causing a battery share condition to occur. This
*The platform latch was a spring loaded device which was held latched by gas
pressure. A leak in the pressurization system would automatically unlatch
the scan platform so that it could perform its functions.
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would not have been catastrophic, but it was undesirable. A ro11 search
command was sent to acquire tile star Sirius for roll reference a few hours
before the maneuver was performed. The required pitch turn was then only
36 deg. After tile maneuver was executed, Canopus was re-acquired.
The Mariner VII scan platform unlatch would have occurred automatically
at the end of April, but operations personnel became heavily involved in trying
to resolve a Mariner VI CST problem, so that it was postponed until May 8.
The Canopus cone angle (Sun-spacecraft-star angle) changes as a function of
time, since the spacecraft is oriented towards the Sun and Canopus is at a celes-
tial latitude of 75 deg S. Therefore, the CST field of view must be adjusted in
the cone angle direction periodically so that Canopus will not slip out of the field
of view. On April 20, the CC&S automatically commanded such an adjustment,
but the CST cone angle changed back to its prior position instead of stepping to
its next position. This caused a loss of roll reference and an automatic roll
search initiation. Several ground commands were sent to advance the CST cone
angle, but it merely toggled back and forth. The only acquirable objects that
would remain in the CST field of view through the encounter period were the
Magellenic Clouds. Several attempts were made to acquire the brightest spot
in the Greater Magellenic Cloud, but the extended source proved to be a very
poor roll reference, and resulted in excessive attitude control gas utilization.
On May 3, ground commands were again sent to advance the CST cone angle,
and it did step to the proper position.
On May 8, the Mariner VII scan platform was unlatched by ground com-
mand. The spacecraft was first put into a gyro roll control mode so that the
CST would not lose Canopus. During the nitrogen gas venting, telemetry indi-
cated very high intensity error signals in the CST, but roll position was not
disturbed. The spacecraft was returned to the normal cruise mode after the
unlatch was completed.
On July 30, approximately 5 hr before the Mariner VI encounter, the
radio signal from Mariner VII was suddenly lost. Mission operations personnel
were deeply involved with the Mariner VI encounter sequence of events, so that
only a small team could be spared to attempt to analyze Mariner VII. After
the successful flyby was accomplished, operations personnel turned their
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attention to the stricken spacecraft and sent a series of commands "in the blind"
to switch the spacecraft transmitter from the high-gain antenna to the omni
antenna. The spacecraft signal reappeared, 7 hr after being lost, indicating
that the roll reference had been lost and the high-gain antenna had turned away
from the Earth. The evidence which came pouring in indicated that a major
spacecraft anomaly had occurred:
1) The doppler tone indicated a decrease in radial velocity of 1. 89 cm/
sec.
2) Only 70 telemetry channels were operating properly, 24 had been
disabled.
3) There was evidence of many electrical transients having taken
place.
After tracking for 71 rain the signal was lost again, requiring 60 rain to
regain two-way lock, at which time additional electrical transients had occurred
and the doppler tone indicated an additional decrease of 0. 78 cm/sec in the
radial velocity, which continued to decrease at an apparently exponentially
decaying rate until well after the Mariner VII encounter. This behavior has
been attributed to the battery case being ruptured, allowing solute to vent into
the interior of the spacecraft and thence into space (Ref. 1). Great difficulty
was experienced in processing tracking data influenced by an unknown (at that
time) non-gravitational force which could not be properly modeled. An accu-
rate orbit estimate was obtained in time to properly position the scan platform,
and this flyby, too, was accomplished successfully.
Post-encounter analysis of all the tracking data accumulated to a time
well past the time of closest approach has produced the CBE of the Mariner VI
and VII orbits during their various mission phases. These CBEs are plotted in
Figure 1-1 (see Figure 3-6 for aiming plane definition), and are included in
other figures throughout this document for comparison with orbital estimates
which were made at various times during the period of mission operations.
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SEC TION II
ORBIT DETERMINATION FROM DSIF TRACKING DATA
A. PRECISION NAVIGATION PROJECT
1. Introduction-- D W ('urkcttdall
Early in the pre-flight planning stages of the Mariner Mars 1969 (ME{' 69)
mission it became apparent that in order to meet the science requirements, the
pre-encounter trajectory had to be predicted to a much tighter tolerance than
had been required or even demonstrated on earlier flights (see Mariner II-V
Flight Path Reports for a detailed account of performance achieved). Specifi-
cally, the estimated B plane co-ordinates had to be accurate to within 250 kin":"
in the direction perpendicular to the B vector.
Accordingly, in September of 1967, the Precision Navigation Projccl
(PNP) was instituted with the unified goal of "delivering the software, proce-
dures and estimates of DSS station locations" necessary to achieve this perfor-
mance. The primary implied task of the project was to bring to completion the
Double Precision Orbit Determination Program (DPOI)P) development. By
merit of its improved physical models and extended precision it was determined
that the DPODP could exhibit superior in-flight performance as compared to
the Single Precision Orbit Determination Program (SPOI)P) and enhance the
probability of meeting the MM'69 performance goals (see Ref. 2). In addition,
the program was required for the more accurate determination of DSS station
locations using tracking data from previous flights. The SPODP could also be
*Much later this number was relaxed to 300 km as performance data on the
scientific instruments became more definite.
JPL Technical Memorandum 33-469 g-1
a beneficiary of improved station locations, since in general, this program can
make advantageous use of location estimates of greater accuracy than can be
produced with the program itself.
A version of the DPODP suitable for performing the station location
work was delivered in December of 1968; the certified flight version was
delivered May 1, 1969, culn_inating a development period of over five years.
As the mission period approached, the activities of the PNP broadened
to coordinate the efforts in several areas needed to put together a comprehen-
sive attack on the pre-encounter estimation problem. These included:
1) Improved timing and polar motion estin_ates and predictions.
2) Improved planetary ephemerides, particularly the Mars ephemeris,
both for station location determination and in-flight activities.
3) An attempt to provide for the first time ionospheric calibrations
for the tracking data both for past missions and the Mariner Mars
1969 mission {tself.
4} A concerted effort was organized to define and formalize the
estimation procedures to be employed for encounter.
These and other activities are discussed in the following subsections.
2. Flight Preparation
a. Ephemeris Development-- D. A. O'llandh'_
• Introduction
Requirements for precision navigation of the spacecraft during the
Mariner Mars 1969 mission resulted in a concentrated effort directed toward
improving the ephemeris of Mars. The Development Ephemeris 40 (DE 40)
represented the first dynamically consistent planetary ephemeris produced
at the laboratory (see Ref. 3). This ephemeris resulted from a 56 paranleter
least squares fit to available radar and meridian circle observations over the
period of 1950-1967. At the time of its release internally at JPL, it was
known that the outer planets were improved over the currently available ephem-
erides, but also that there was a need to fit over a much longer arc to obtain
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definitive ephemerides. Further, the longer arc of optical observations was
needed to better determine the orientation of the ecliptic and the mean longitude
of the earth-moon barycenter.
As a result of the needs of the Mariner Mars 1969 mission and the
general improvement of planetary ephemerides a new 60-year numerical inte-
gration of the planets of the solar system was made. These ephemerides
resulted from differential corrections obtained from a weighted least-squares
fit to a data set spanning the period 1910-1968. The optical data set included
over 34,000 meridian circle observations in right ascension and declination
obtained with the Six-Inch Transit Circle and Nine-Inch Transit Circle of the
U. S. Naval Observatory. These data were taken for the sun and all the planets
except Pluto. The planetary radar data set includes over 700 time-delay mea-
surements from the radio antennas at the Arecibo Ionospheric Observatory, the
Jet Propulsion Laboratory, and Lincoln Laboratory of MIT. The radio tracking
data set includes 214 time-delay points of 0. 1 _sec ':_ accuracy taken from
Mariner V during its encounter with Venus in 1967 (see Ref. 4). This ephemeris
(DE69) was .delivered February 1, 1969 and was used for the initial determina-
tion of station locations with the DPODP and all pre-encounter flight operations.
• Mars Planetary Ranging Data
Development Ephemeris 69 was based upon Mars radar range data
from Arecibo Ionospheric Observatory and MIT Haystack and optical data fron_
the U. S. Naval Observatory. In order to check the accuracy of this ephemeris
it was desirable to take some current radar time delay measurements based
upon predictions using DE69. These residuals would be a measure of the
accuracy of the ephemeris used.
On May 7, 1969, JPL made its first bistatic time delay measure-
ment of Mars. The experin_ent consisted of using two antennas at the Goldstone
Tracking Station of JPL. The Venus antenna was used to transmit a signal _o
the planet and the Mars antenna was used as the receiver. The Venus site
comprises a 26-meter antenna with a 450-kW transmitter. The Mars antenna
is 64-meters in diameter.
Since time delay measurements are proportional to round-trip range the
equivalence between a time delay measurement error and the metric range
error is approximately 1 _sec = 150 m.
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From May 7 to July 16, 1969, 239 accurate bistatic range
measurements were made. The measurements made on the 18 nights are of
better than 5 btsec accuracy. On each night of observation, an average of
15 round-trip measurements were made. The sub-earth point on Mars rotated
with respect to surface features on Mars during an observation session, giving
a longitude spread of approximately 180 deg. On a given evening's observa-
tion, the latitude remained almost constant with respect to the area on the sur-
face of Mars. Because of the rotation of Mars and the motion of the earth,
every 40 days the same longitude passes through the sub-earth point. The
latitudes varied over this 2-inonth period from 3 deg N to 12 deg N.
The measured time delay is influenced by l) the relative orbital
positions of Mars and the earth, and 2) the variations in elevation on Mars at
the sub- earth point.
• Comparison of Ranging Data With Theory
The initial comparison of these JPL-Mars range observations
showed a negative bias of approximately 100 bLsec (Figure 2-I) and an apparent
"runoff" indicated by the smaller negative residuals after July I0 (JD244041Z).
The span of 80 btsec for residuals on a single date is the effect of topography
covering approximately iZ km in altitude at the various latitudes.
• Ephemeris Improvement
It was highly desirable to use this 1969 Mars data to produce an
improved ephemeris for use during the Mariner encounters. At the same time,
Development Ephemeris (DE) 69 had been used for all the station location data
processing, producing station estimates tied to this ephemeris. Time did not
permit reprocessing all of the data with a con_pletely updated ephemeris. Thus,
the decision was made to use the Mars planetary data to update the Mars
ephemeris only, leaving all other ephemerides fixed at their DE69 value.
The optical data and some radar range data had been used pre-
viously in DE69. The Arecibo data prior to 31 January 1965 were removed for
this analysis because the quality of these data is poor compared to modern
measurements. A summary of the Mars data used in the ephemeris develop-
ment is given in Table 2-I.
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Figure 2-i. JPL 1969 Mars Range Residuals, DE69
Since the topography is imbedded in the range measurement, it was
found that, by introducing a 10-_ weight for each point, the corrections to _he
ephemeris of Mars were within expected limits. The purpose was to n_inimize
the effects of topography at that time. The ephemeris of Mars must be cor-
rected first and realistic corrections for the topography can then be deduced.
• DE71 Solution
First, a simultaneous solution was made for 63 parameters: the
elements of eight planets (Pluto excluded at this time), the right ascension and
declination limb biases of Mercury and Venus, the radii of Mercury, Venus,
and Mars, the six elements of Mariner V, the mass of Venus, and the astro-
nomical unit.
Exan_ination of the corrections for the ephemeris of the earth-moon
barycenter for this global solution revealed that they were small with respect
to the accuracy of optical data. This gave confidence that the errors introduced
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Table 2-I. Mars Observations
Ins trument
6 in. Transit
9 in. Transit
Period
242 4793.8-243 9658. 5 (1926-1967)
242 0105.8-243 I164.5 (1913-1944)
Total
Number of Observations
Right
Ascension
549
122
671
Declination
528
120
648
(Range)
Arecibo 243 8803. 8-243 8915. 5 (1964-1965)
Ionospheric
Observatory (AIO)
Haystack (MIT) 243 8587. 7-243 9643.5 (1967)
Goldstone 244 0348. 9-244 0418.8 (1969)
29
10 (compressed)
239
by producing the Mars only ephemeris update were indeed small and the
procedure was tractable. The stability of the corrections to the orbital elements
of Mars with or without corrections to the earth is shown in Table 2-2. The
7 parameter solution was therefore used to create DE71.
The optical residuals are shown (Figures 2-2a and 2-2b) both in right
ascension and declination. The total set of radar residuals shows (1) the rela-
tive accuracy of the modern measurements (Figure 2-3) compared to the first
range measurements in 1964, and (2) the 80-_sec scatter due to topography in
the 1969 measurements. If the 1969 residuals after solution are examined in
detail, effects of improving the orbital elements and radius are seen (i) center-
ing the residuals about zero, and (2) the alteration of the character of the resi-
duals with time. The negative bias was removed primarily through the correc-
tion to the radius of Mars. The nominal radius of Mars from DE69 was
3375. 6 km and the radius appropriate for DE71 is 3393. 0 km. This new radar-
determined radius agrees with the results of Dan L. Cain at JPE using
Mariner IV spacecraft data.
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Table 2-2. Corrections to DE69
63 Parameters/Rank 55
Earth-moon
barycenter
Set Ill#
parameter
z_l + Ar
o
ZXp
ZXq
ear
Aa/a
Ae
Radius
AU
Corr •
-U0007
+. 0016
+. 0117
+. 0004
-6
-.2x10
-. 0001
Mars
Corr.
+:'0141
-. 0626
+. 0097
+. 0062
-. 0002
+. O168
+16. 9 km
Corr.
+"0148
-. 0671
+. 0042
+0o 0063
- 0. 0002
+0. 0170
+17.4 km
-i.I km
7 Parameters
Mars
+0. 0017
O. 0107
O. 0134
O. 0014
0.6x 10-
O. 0010
+1.4
4
The total number observations is 1597. Standard deviation of data
before solution is 2. 78- after solution is 0. 67.
"-:"Set III Parameters (defined in Ref. 5) are the standard
coordinates used for epherneris corrections and are quoted here
for comparison purposes.
Recent work by A. J. Kliore and others, using occultation and trajectory
information from Mariner VI, gives an equatorial radius of 3394 +4. 5 km and a
flattening factor which reduces the polar radius by about 18 km (f = .0057 4-.002,
which is close to the dynamic flattening factor).
• Comparison of DE69 and DE71
Since the pre-encounter activities were carried out using DE69
and the encounter activities used DET1 a comparison is given in Table Z-3.
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• Topography
It was indicated early that there were height variations imbedded in
the range data. Having corrected the elements for Mars, the residuals of the
range data compared to DI_Tl are plotted versus longitude (Figure 2-4). A
negative residual represents an early return of a '_high" area and conversely a
positive residual represents a late return of a "low '_ area.
The highest area is Tharsis (I05 deg) and the lowest is Amazonis
(180 deg). Aeria (300 deg), which is 180 deg away from Tharsis, is a secon-
dary high region and is approximately 4 km lower.
The residuals of Syrtis Major, a prominent dark feature, showed
sharp variations of 7 km beginning at Aeria (295 deg) to Moeris Lacus (275 deg).
The shallower slope from the northern tip of Mare Cimmerium westward is
seen.
Another observation is that the variations in surface heights with
longitude are real. Initially, comparisons of the later observations at high
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Table 2-3. Mars (DE71- DE69!
Date
(July 30)
2449432. 5
(Aug. 7)
2440440. 5
AX (kn_)
-19.1
-18.5
AY (kin)
-20.6
-18.7
Az (kin)
+15.5
-47.7
6R (kin)
--7.7
--9.3
cos (3 df
(rad x 10-7)
-0.8507
-0.8020
6_ (tad x 10-7)
+2.5879
+Z.4077
,vhere {3 and _ are the celestial latitude and longitude.
latitudes ga've more negative residuals and this _'run-off f' was thought to be an
ephemeris error. Subsequent analysis has shown that the region Aeria at 7. 8
deg latitude is about 2 km lowc. r than the same longitude at 12 deg latitude.
Similarly, the Moeris Lacus region shows a variation between latitude 7.8 deg
and 12 deg of about g kin, and this tends to be maintained throughout the west-
ward slope from the northern tip of Mare Cimmerium and what would appear a
higher elevation at Trivium Chorontis.
i Conclusion
This new ephemeris of Mars performed satisfactorily during the
encounter missions. The error in the ephemeris predictions was less than
5 km in the radial distance from earth to Mars as determined from the
Mariner VI flyby. The flight version of DE71 which was used by the Mariner
Mars 1969 mission is gravitationally inconsistent since the planetary ephem-
erides are those of DE69 except that DET1 Mars has been placed on the type
50 tape. This means corrections to the earth and Mars ephemerides from this
mission should be carefully interpreted.
The topography that has been discussed seems to be well established
by repeated measurements over the same longitudes and nearby latitudes. In
the near future, the range measurements, along with the corrections for topog-
raphy, will be published. Combining these JPL measurements with other Mars
range data, it is hoped some contour plotting might be accomplished which
would show relief between the latitudes of 3-22 deg N.
JPL Technical Memorandum 33-469 Z-11
• Acknowledgments
The radar ranging of Mars was carried out by Richard M Goldstein,
George A. Morris, and George S. Downs. It is also a pleasure to acknowledge
the assistances provided by Joyce Steinberg and Steve Ritchie in the ephemeris
development and Don Johnson's work implementing the topography corrections
into the radar predictions. William Melbourne and Douglas Holdridge were
active in all portions of this research.
b. Station Locations -- N. A. Mottinger
• Introduction
Often, the most reliable means of determining a spacecraft orbit
before its encounter with the target planet is to use a restricted data arc (on
the order of one week's tracking). This reduces the dependence of the estima-
tion process on an accurate long term description of the physical mode. Spe-
cifically, the possible build-up of effects due to unpredictable non-gravitational
forces arising from the spac.ecraft itself is guarded against by this strategy.
However, the estimate thus obtained becomes highly dependent on an accurate
a priori estimate of the locations of the DSS tracking stations.
In Ref. 2 Hamilton, Grimes and Trask analyzed the sensitivity of
the orbit estimates of the Mariner Mars 1969 trajectories to station location
errors and found them to be approximately
O
Ar
s
- 39 km/m
where
Ab
0L
Ak
- 16 km/m
= station distance from the Earth's spin axis
S
k = station longitude
b,
(if
b
01
= projection on the B-plane of the error due to r
= projection of error due to Ak, km
S P
km
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On this basis, the goal was set to determine the station locations to
an accuracy of 3 m standard deviation in both the r s and X components. The
primary resource for determining locations at _hese accuracy levels was the
tracking data from past spaceflight missions. To be an attractive data set for
determining stalion locations, one of the followin_ situations must be present:
I) The spacecraft trajectory must be established accurately
irrespective of Iracking station location accuracy. This
occurs for a data span which includes a lunar or planetary
encounter where tile probe behavior is strongly influenced
by the target's gravitational field, making the orbit param-
eters easy to discern.
on the station locations,
parameters as well.
The data, which is always dependent
can then be used to estimate these
2) The data is not affected strongly by the position of the space-
craft. This is a special circumstance and arises when the
probe goes through zero geocentric declination. The depen-
dence of the data oi_ declination vanishes at this point (Ref. 6),
remains making this a uniquelybut the dependence on r s
attractive situation to estimate lhe r s component. Unfortu-
nately, there is no analogous geometric separation between
absolute station longitude and orbit parameters.
• Data Set
All pertinent missions for which Earth based radio tracking was
available were considered as possible data sources for station location determi-
nation. These fell generally into lwo categories, lunar and planetary. None of
the lunar missions offered zero declination cases independent of encounter
(impact), whereas Mariner V offered two. One occurred during cruise and the
other after encounter. Altogether, 21 different data periods were considered.
In the final analysis, many had to be omitted due to the appearance of unex-
plained anomalies and/or lack of charged particle calibrations. In the case of
the lunar missions disagreement with the planetary absolute longitude solutions
exceeded allowable limits for combi_ation. (This is probably due to inconsis-
tencies between the lunar and planetary ephemerides. ) The band of missions
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used for determining station locations by the 1969 flight project was restricted
to previous Mariner missions (Mars in 1965, Venus in 1967) and Pioneer VII, a
total of five independent data blocks. Detailed discussion of this can be obtained
in Refs. 7 and 8.
• Launch Station Locations
The set of station locations provided for the launch phase of Mariner
1969, Location Set (LS) 17, were obtained by processing radio tracking data
with the DPODP. For the purposes of comparison, the previous reductions per-
formed with the Single Precision Program were duplicated as best as possible
as far as data content was concerned. The comparison between the sets of sta-
tion locations produced with each program were detailed in Ref. 8. The average
agreement between the two sets of solutions was 1 m in rs, and 1. 6 m in longi-
tude. The largest disagreement noted was 3. 3 m in r s and 4. 2 m in longitude.
Such agreement was considered almost remarkable in view of the large physical
model difference between the two data reduction programs and the manner in
which these could have propagated into station location solutions.
• Encounter Station Locations
The determination of the encounter station locations incorporated
many other variables in an effort to obtain still better locations. A limiting fac-
tor for the accuracy of the locations derived from the postflight analysis is the
calibration for charged particle effects. The work necessary to prepare these
in a form suitable for use in the DPODP is detailed in Ref. 7. The corrections
which could be produced in the time available for the Mariner Mars 1969 encoun-
ter phase further reduced the number of missions which could be analyzed
(Mariner IV and V only) and in some cases reduced the length of the data arcs.
The application of the ionosphere corrections caused changes as large as 3.8 m
in r s and 3.2 m in longitude. The differences between the best set of station
locations without the ionosphere, LS 24, and the set with corrections, LS 25,
is shown in Table 2-4. It should be noted that the northern hemisphere stations
underwent the greatest shift in r s. This occurred because the height of the
ionosphere activity occurred in the northern hemisphere at the times radio
tracking data was available. Figures 2-5 and 2-6 show how the solutions avail-
able at the Goldstone complex compare before correction (top of each figure)
and after the corrections were applied (bottom of each figure).
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Table 2-4. Changes Due to Addition of Ionospheric Data (LS 25-LS 24)
DSS
11
12
14
41
42
51
61
62
ar (m)
S
3.8
3.8
3.8
0.26
-0. 28
-0.61
3.47
3.45
ax (m)
-0. 94
-0. 94
-0. 96
-3. 24
-0. 32
-0. 84
-1.04
-1.08
A Relative X (m)
DSS 12 minus DSS
2.3
-0.62
-0.1
0.1
0.14
Ionosphere corrected station locations, LS 25, will be used in this
report to judge the accuracy of other locations used to support the mission, pri-
marily the launch locations, LS 17. The differences between the two sets are
shown in Table 2-5. For r s these closely parallel those shown in Table 2-4,
except for stations 51 and 61. The primary cause for the differences at these
two stations has not been determined, but may be involved with the amount of
data in the fits and the techniques used to produce LS 17 and LS 25. The longi-
tude differences are between 7 and 9 m. This is due to changes made in the
definition of UT1 disseminated by the LISNO and to a smaller degree the iono-
sphere correction. After January 1, 1968 UT1 was changed by the USNOthereby
introducing a discontinuity between the timing system used to process the pre-
vious data and the system for reducing the 1969 data. To counteract this, the
longitude estimates were increased by 3 x 10 -5 deg. However, during the later
stages of the mission, timing data with the discontinuity removed was available
and was used to reprocess the old data. Polar motion values also changed when
the timing data were reissued. The changes in individual reductions agreed to
within 0.3 m of the shift in UT1. So although the longitude values show large dis-
agreements, they are explainable and do not represent errors in either set of sta-
tion locations, but do show the sensitivity of the DSS longitude solutions to UT1.
The LS 24 values were used by the DPODP to support the majority
of the encounter phase reductions. The ionosphere corrected station locations
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!COMBINED ESTIMATE, LS 24, NO IONOSPHERE ............................... _......................... I /
MARINER IV ENCOUNTER NO IONOSPHERE FROM DSS 11 ......................................................... 1 I
MARINER V CRUISE NO IONOSPHERE FROM DSS 14 ........................... _........................... L.., I
MARINER V ENCOUNTER NO IONOSPHERE DIRECT ............................................. I
MARINER V ENCOUNTER NO IONOSPHERE FROM DSS 14 .......................................... I
MARINER V POST ENCOUNTER NO IONOSPHERE DIRECT ................................................ 1... I
MARINER V POST ENCOUNTER NO ION FROM DSS 14 ........................................... I
COMBINED ESTIMATE, LS 25, WITH IONOSPHERE ......................................................................... I
MARINER IV ENCOUNTER WITH ION FROM DSS 11 ......................................................................... I
MARINER V CRUISE WITH ION FROM DSS 14 .................................................................................. I
MARINER V ENCOUNTER WITH ION DIRECT ............................................................................ I
MARINER V ENCOUNTER WITH ION FROM DSS 14 ............................................................................. I
MARINER V POST ENCOUNTER WITH ION DIRECT ............................................................................. I
MARINER V POST ENCOUNTER WITH ION FROM DSS 14 ........................................................... I
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Figure 2-5. Distance Off Spin Axis, Earth Fixed System
(1903.0 Pole) DSS 12
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Figure 2-6. Geocentric Longitude, Earth Fixed System
(1903.0 Pole) DSS 12
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Table 2-5. Station Location Differences (LS 17-LS 25)*
DSS
ll
12
14
41
42
51
61
62
ar (m)
S
-3.7
-3.7
-3.9
-0.3
0.1
-3.5
-0.1
-2.2
AX (]0 -5 deg)
greeters
7.3
7.1
7.7
9.3
7.9
8.8
7.3
S.O
(m)
-4
-4
-4
5
18
-16
-56
42
:::LS 17 --Solution from Do_lble Precision Orbit Determination Pro-
gram used during launch; does not include ionospheric
effects and witlno,_t compensation for changes in UTI made
1 3anuary 1968.
LS 25 --Best estimate from DPODP, includes ionospheric correc-
tion and timing data with discontinuity removed.
were used on]y in conjunction with tracking data which could be corrected with
the limited amoun_ of charged particle data available during the time tile mission
was in progress. The method for doing this is described in Ref. 7 in the sec-
tion on Station Locations. Although the ctnar_ed particles had the most pro-
nounced effects on station locations, a change was ..... e in the refraction model
__o affected them. The changes in the modelfor the neutral atmosphere which _
are reported by Ondrasik in Section V of Ref. 7. Briefly they involved restrict-
ing the modeling of the troposphere to elevations above 15 deg. This new model
was incorporated into the DPODP and due to the time available, only the
Mariner V cruise zero declination case was refit to determine the effects on
stations. Spin axis changes were of primary importance and no change was
expected in the longitude solutions. The r s changes derived from this reduction
are listed in Table 2-6. These were applied to LS 24 to create LS 27 which was
then used with the new troposphere model in the DPODP. Similarly changes
were made to LS 25 to produce LS 26 which was used when ionosphere calibra-
tions were applied to the tracking data.
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Table 2-6. r Correction for New Troposphere Model
s
DSS
ll
12
14
41
42
51
61
62
Value added to old
solutions, m
0.5
0.5
0.6
0.8
0.8
0.8
0.7
0.7
Generally of minor concern in the reduction of doppler radio track-
ing is the accuracy associated with the distance of the station from the equator
plane. The sensitivity of the doppler data in this component, Z, is nearly neg-
ligible. The Z values used came from several sources. Values for the stations
at Goldstone, Woomera, and South Africa were based upon the Smithsonian
Astrophysical Observatory values developed for their Standard Earth 1966. The
remaining stations had Z values which trace back to geodetic surveys. Due to
this low sensitivity, estimates of this component have not been available from
previous doppler tracking, and have been of little consequence. However, when
range data was included from several stations significant changes did exist
between the orbit determined with both data types versus the doppler only
solutions.
Although there were other factors affecting these solutions, the sus-
pected error was the Z component of the tracking stations. Values were
obtained for the DSN stations from K. K. Lambeck (private communication) who
has reduced earth satellite data at the Smithsonian Astrophysical Observatory.
Using these values produced a significant reduction in the conflict previously
noted when range data was added to the doppler. The differences in this coor-
dinate are shown for each station in Table 2-5.
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• Location Uncertainty
The best estimate of contributing errors due to the ephemeris, UTI,
troposphere, ionosphere and miscellaneous other items were RMSed in Ref. 9
to obtain estimates of the crust fixed uncertainty for Mariner IV and V. These
were about 3. 0 to 3. 5 m, respectively. When the two estimates were combined
to produce LS 25, the uncertainty was 2. 3 m. Recall that this is also approxi-
mately the separation of the solutions from these two missions shown in Figure
2-6. Estimates of the spin axis uncertainty have not as yet been as rigorously
determined. Based upon the distribution of the r solutions before and after the
S
ionosphere corrections were applied, the estimated error would be approxi-
mately 4 m for the northern and l to 2 m for the southern hemisphere. The
spin axis l-_ uncertainty for LS 25 would be in the l to 2 m range for all
stations.
The summarizing of errors here applies only to the post flight anal-
ysis performed to produce a particular Location Set. The error in the location
of the station from the viewpoint of reducing the data in real time is an exten-
sion of this analysis in that pertinent quantities such as polar motion, UTI,
charged particles and the ephemeris as discussed in other sections of this
report all contribute to the success with which the true trajectory of the probe
can be determined.
c. Timing and Polar Motion Errors -- P. M. Muller and C C Chao
• Timing Errors
Three types of time are used when computing an orbit: Ephemeris
Time (ET, used to look up positions of the celestial bodies), Universal Time
(UTI, used to determine the location of a tracking station in space), and Station
Time (ts, the time tag that is associated with the actual tracking data) -- (see
Ref. 10). The behavior of these times with respect to a uniform time is sche-
matically illustrated in Figure 2-7, where the abscissa is a uniform time
defined for purposes of this discussion as A. l (Atomic Time), and the ordinate
represents units in one of the above three time systems.
The lack of precise knowledge of the relationships among the three
times illustrated in Figure 2-7 can result in a degradation in the apparent qual-
ity of the tracking data, incorrect solutions for the tracking station locations,
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Figure 2-7. Relationship of Time Systems in the
©rb_t Determination Process.
2-20 JPL Technical Memorandum 33-469
and an erroneous prediction of the spacecraft coordinates near planetary
encounter.
• Polar Motion Errors
The Earth's principal axis is not coincident with the spin axis; it
moves with respect to the latter, causing the so-called poIar motion. The pre-
cision with which we are seeking to evaluate DSN station locations requires con-
sideration of this polar motion and its effects.
Polar motion, which is different from the Earth's precession and
nutation (see Ref. 11), is observed indirectly through determinations of the
variations in latitude of various observatories. The magnitude of this variation
ranges from 5 to 20 m. Such an appreciable motion will obviously cause varia-
tions in DSN station location with the same order of magnitude of the polar
motion. A maximum variation of 23. 5 m was found at Goldstone during the per-
iod 1960 to 1966 (see Ref. 12). On this basis, polar motion has been modeled
in the DPODP and special provisions were made during the Mariner Mars 1969
mission to represent and predict the polar motion as accurately as possible.
• Procedures for Implementing Corrections to the Data
Timing
Selection of Data Source. Currently, the quantity A. 1-UT1 is deter-
mined by many agencies and observatories. The quality of A. 1-UT1 data varies
from observatory to observatory depending on their instrument and the local
weather conditions throughout the year. Among them only two agencies were
considered for our use because of their relative excellence in the observed
data. They are the U. S. Naval Observatory (USNO), and the Bureau Interna-
tional de l'Heure (BIH). The USNO which has been in close contact with JPL in
supplying data for earlier missions, has two stations, one at Washington, D. C.,
and one at Richmond, Florida. Both stations use PZT (Photographic Zenith
Tube) to do the time measurement. An appreciable difference between the
smoothed value of A. 1-UT1 of the two stations has been found, and the USNO
adopted A.1-UT1 as the linear combination of the two results by weighting
Richmond two and Washington one, i.e., USNO A. 1-UT1 = 2/3 Richmond (A. 1-
UT1) + 1/3 Washington (A. 1-UT1). The relative weight of the two stations has
no theoretical justification. It was adopted because previous experience has
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shown Richmond to have more observations and better results than Washington.
Thus, the USNO adopted A. 1-UT1 may tend to have a bias toward one station's
result when the other station has no observation due to bad weather. Therefore,
when we use the USNO data, we use the result from one station (Richmond) all
the time.
The BIH adopted A. 1-UT1 results from combined UT observations
of over 40 stations around the world including Washington and Richmond. A
very sophisticated computing program (see Ref. 13) is employed by the BIH to
solve for A. 1-UT1. As claimed by BIH, their results are superior to that of
USNO. The claimed uncertainty of A. 1-UT1 from these sources is shown in
Table 2-7. The estimated (not by JFL) uncertainties in Table 2-7 clearly sug-
gests that we should use BIH adopted A.1-UT1. However, after a practical test
with the previous mission results, Richmond A. 1-UT] (smoothed by JPL) turned
out to be more consistent with the mission data than the BIH adopted value. This
implied that a long term difference between the two data sources might exist.
Table 2-7. Claimed Short Term A.I-UTI Uncertainties
Time when
A. 1-UT1 was
determined
One night
1 year later
final smoothed
data
USNO
One-sigma
msec
Wor st case
msec
3O
25 between
Washington
and
Richmond
BIH
One-sigma
m sec
Not applicable
Worst case
m sec
Not applicable
Finally, we decided that it is wise to stay with a single station
which produces consistent results. Thus the nightly observed A. 1-UT1 from
Richmond was the source of timing data for the 1969 Mars mission.
procedures of Processing the Data. A monthly daily observed raw
data of A. 1-UT1 of Richmond together with that of Washington were received
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from USNO on keypunched cards around the 15th of each month. The JPL
Timing Polynomial Computer Program (TPOLY) computes quadratic polynomi-
als (first derivative continuous at the monthly breakpoints) for the received A. 1-
UT1 by employing the least-squares fitting techniques (see Ref. 14). In the
meantime, TPOLY also generates the required prediction of A. 1-UT1 for the
mission. The output of TPOLY which is the fitted value of Richmond A. 1-UT1
and the predi_=ted values become the JPL adopted A. 1-UT1. They are delivered
to SPODP and DPODP for orbit determination via punched cards containing
polynomial s.
During the encounter period of Mariner VI and VII (E-30 to E+6
days), a special arrangement was made to receive the up-to-date data from
USNO daily by teletype and/or telephone. This was to eliminate unnecessary
error accumulated in the predicted A. 1-UT1 to obtain better navigational accu-
racy during encounter.
Polar Motion
Selection of Data Source. The polar motion is measured indepen-
dently by two organizations. They are the International Polar Motion Service
(IPMS) (see Ref. 15) and the Bureau International de l'Heure (BIH) (see Ref. 13).
IPMS utilizes measurements taken from five observatories which are at the
same latitude and share the same star catalogue. BIH determines the polar
motion by averaging the results from over 25 stations with distinct latitudes and
catalogues. According to the data from 1956 to present, they differed by 3 m in
worst case and 1. 5 m in average.
Recently, as a research effort, the IPMS also computed the polar
motion using the results from 26 stations (including the five original stations)
from 1962 to 1968. Figure 2-8 shows the variations of the polar coordinates
(X,Y) from BIH results, IPMS results and the research results of IPMS 26 sta-
tions. It clearly indicates that the BIH results are in better consistency with
the IPMS 26 station results than the IPMS (5) results. It is probable, as pointed
out by Yumi of IPMS (see Ref. 15) that the polar coordinates from only a few
stations (five) are apt to be affected strongly by a local error of a certain sta-
tion. This implies that the results from BIH, which uses more than 25 stations
to compute the polar path, are superior to those of the five IPMS stations.
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Therefore, we chose the published results from BIH as JPL adopted
polar motion data. Washington and Richmond UTI is determined from UT0 via
the BIH pole for consistency.
Procedure of Processing Data. Together with raw data of A.I-UTI,
the BIH polar motion data were received from USNO on the same keypunched
cards every month. TPOLY computes linear polynomials for the BIH polar
data (X and Y). Although the BIH publishes final, as well as predicted polar
motion data, we only use the final data and do our own prediction with the circu-
lar arc prediction model (see Ref. 14) in TPOLY. This is done because the
BIH data always has a discontinuity between their final and predicted data.
Since the BIH requires one month to prepare their final polar
motion, the prediction of polar motion for supplying up-to-date data becomes as
important as that of A.I-UTI. An empirical method --the circular arc extrapo-
lation was employed to do the prediction. The JPL predicted polar motion data
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are expected to be good to 0. 5 m with one month prediction, provided that the
pole moves along its regular circular (relatively well-behaved) path. However,
within one month prediction, the maximum deviation from final data should not
exceed 1 m.
During the encounter period, a special computer run was made at
BIH in order to supply us the final (last data on July 7) polar motion data on the
29th of July (G-2 of Mariner VI). This reduced the prediction length at encoun-
ter from two months to 25 days.
d. Ionosphere -- B D ,,lhdhall
• Charged Particle Effect on Radio Signals
The charged particles in the ionosphere and the interpIanetary
space plasma along the ray path of the radio signal transmitted to and received
from a spacecraft have various effects upon the signal. Among these effects
are absorption, refraction, scintillation, polarization rotation, phase path
length decrease, and group path delay. For orbit determination, the two effects
of concern are phase path decrease and group path delay.
As the number of char_ed particles along the ray path changes the
phase path changes shifting the S-band carrier frequency. This frequency shift
cannot be distinguished from the doppler effect unless the change in the number
of charged particles is determined. Similarly, the charged particles delay the
energy of the S-band signal increasing the round trip time (the group path length)
and thereby corrupt ranging data since these measurements are based on the
time required for the energy to propagate from the Lracking station to the space-
craft and return°
As discussed in Ref. 7, random errors in the doppler observable
can be reduced by taking data over many passes. Systematic errors cannot be
reduced by averaging. Systematic errors which vary with a diurnal period are
the most corruptive. The earth's ionosphere is caused by ultraviolet light
from the sun ionizing the upper atmosphere. Consequently, the density of
charged particIes in the ionosphere increases and decreases with a diurnal per-
iod and corrupts inflight orbit determination solutions. Similarly, when post
flight tracking data is used to estimate trackin_z station locations the ionosphere
causes an error in the estimate of station location.
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The tracking data from the Mariner IV and V missions have been
calibrated for ionospheric effect. The Mariner IV spacecraft flew by the planet
Mars in July 1965. The year 1965 was a period of very low solar activity, and
consequently, concentrations of charged particles in the Earth's ionosphere
were low. The ionospheric calibration from Mariner IV caused a change of
about l m in the estimate of station location both in distance from the Earth's
spin axis (spin radius) and longitude.
Mariner V flew during 1967, a period of much higher solar activity.
The ionospheric calibration for this mission resulted in changes of about 6 m in
the spin radius and longitude. The day by day ionospheric activity stated in
terms of effective station location displacement is shown in Figure 2-9. From
this graph it is apparent that errors greater than 10 m occurred on single days.
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It was anticipated that solar activity in lq6_) would be as great as in
i_07, therefore, the Mariner Mars 1969 navigational accuracy goal of 3 m in
spin radius and 3 m in longitude dictated that ionospheric calibration be per-
fornaed. The 6 to I0 m errors in spin radius and longitude caused by the iono-
sphere in 1967 could have resulted in orbit estimating errors as high as 250 km
_at the Mariner IVlars 1969 encounter.
Methods for Measuring Charged Particles
There are many techniques for measuring charged particles in the
Earth's ionosphere and interplanetary space. Two techniques which were used
as part of the ionospheric calibration effort were: Faraday rotation and vertical
soundings (ionosonde). These techniques are discussed in the following
paragraphs.
Faraday Rotation
The plane of polarization of a radio signal passing through a
charged particle medium in the presence of a magnetic field is rotated by the
Faraday effect (see Ref. 7). If the radio wave is linearly polarized and the ini-
tial polarization is constant with respect to some known frame of reference,
then the polarization of the received signal can be used to measure the combined
effect of the number of charged particles and the strength of the magnetic field
encountered along the ray path. By modeling the tangential component of the
Earth's magnetic field along the ray path, the number of charge particles can
be computed.
Ionosonde
Before the advent of artificial satellites the only method of measur-
ing the ionosphere was vertical sounding called ionosonde. A radio signal is
transmitted vertically, reflected by the ionosphere, and received by the trans-
mitting station. This process is repeated while increasing the transmitted fre-
quency until the signal pierces the ionosphere. The density of electrons
required to reflect a particular frequency is determined and by measuring the
time of flight for each reflected frequency the altitude dependence of the elec-
tron density can be determined. This method measures densities for the lower
or bottom side of the ionosphere, that is, up to the layer of maximum density
called the F 2 layer. The topside electron content above the F 2 layer, must be
estimated by employing a model in this region.
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Comparisons of total electron content (E c) computed from ionosonde
data versus E c measured by Faraday rotation indicate that total content can be
estimated with usable accuracy from vertical soundings. As shown by compar-
ing Faraday rotation measurements made by Stanford (mapped to the Point
Arguello zenith) to Point Arguello ionosonde data (Figures 2-10 and 2-11) F c
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computed by the Environmental Sciences Service Administration (ESSA) from
ionosonde data is in better agreement with Faraday rotation measurements for
quiet ionospheres, such as July lC_65(Figure 2-10) than for active ionospheres,
such as October 1967 (Figure 2-11). Note also that the night time estimates
are very acctlrate. The comparison seems poorest during the morning, prob-
ably because the sunlight initiates ionization more rapidly above the F2 layer,
the region the ionosonde does not measure.
Delays in obtaining E c data from ionosonde measurements prevent
the use of these data for inflight operations. Instead, Ec for overseas sites
was estimated from measurements of the peak frequency reflected by the iono-
sphere (Fof2). The estimation procedure is described in Ref. 7.
Mapping of Measurements
Ideally, calibration of the spacecraft signal should be computed
from measurements made along the signal's ray path. Both the Faraday rota-
tion and ionosonde measurements must be related to the ionosphere actually
pierced by the Mariner spacecraft signal. A computer program called ION has
been developed to calculate the differences between the ionospheric conditions
at the point where a measurement was taken and the points where the space-
craft signal pierced the ionosphere during an entire pass. Adjustments are due
to differences in the length of the ray path through the ionosphere, in the local
hour angle of the sun, and in the geomagnetic latitude.
Application of the Calibration
As shown in Figure 2-12 three 7094 computer programs were spe-
cifically involved with providing ionospheric calibrations to the DPODP. These
are:
1) PREION --a preprocessor which reads in ionospheric data in
various formats, converts the data to a standard form, and
fits the data solving for the parameters of the temporal mode]
of the ionosphere.
2) ION --the program that calculated the actual calibrations to
range and doppler.
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3) HAMMEL--a post-processor which predicts the effect of
applying the calibration to assist in analysis of DI_©DP results
and to detect erroneous calibrations.
PREION
Ionospheric measurements were received via teletype and punched
on paper tape in the SF©F. These tapes in teletype, Baudot code were read
into the PDP-7 computer which used the CONPAT program to write a magnetic
tape record of the data. The magnetic tape was transferred to the 7094 com-
puter where it was read in under control of the PREI©N program.
Data received from Goldstone was the unconditioned output of the
receiver-polarimeter. This device measured Faraday rotations from 0 to 180
deg of the signal received from the ATS-I satellite. This signal, transmitted
at 137 MHz, underwent approximately two to five rotations of increase and
decrease during the day. Consequently, algorithms had been developed within
PREION to resolve the ambiguities in the data and reconstruct the daily varia-
tion. PREION was not capable of detecting every retrace and some hand correc-
tions were required to remove the remaining ambiguities.
ION
ION read in the conditioned ionospheric data and information neces-
sary to identify the pass of tracking data to be calibrated. This information
consisted of the DSN station, the date of the pass, the rise and set times for the
spacecraft, the topocentric hour angle and declination for the spacecraft, the
nominal frequency of the S-band signal received from the spacecraft, the time
interval for which corrections were to be calculated, and the type of calibration
to be produced, doppler or doppler and range.
HAMMEL
HAMMEL is described in detail in Ref. 7. The program fits the
doppler polynomial produced by ION with a constant, a sine wave, and a cosine
wave. The amplitude of the sine wave determined the apparent change in sta-
tion spin radius, r while the cosine determined the change in longitude, k.
S _
If the values of r and k were reasonable, the correction could be assumed to
s
be valid.
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3. Range Data Validation
a. Non-Gravitational Forces -- V. J. Ondrasik
During the early portion of the Mariner VI cruise it was noticed that
the DPODP, state only, solutions were differing in the geocentric range by
approximately 165 km depending upon whether doppler only or doppler plus
range data was used. It was proposed that this range discrepancy was a mani-
festation of an incorrect modeling of the solar pressure forces. This indeed
was the case. It was an early oversight not to realize that the high-gain, para-
bolic antenna which was mounted 41.6 deg off the roll axis, causing a non-
negligible component of the solar pressure to be directed in the plane orthogona]
to the probe-sun line would have to be modeled. When this additional force was
included in the solutions, the apparent discrepancy between the range and dop-
pler data vanished. We present a description and analysis of that situation here
as a validation of the Mariner Mars 1969 ranging data in a circumstance which
makes that data first appear to be incorrect and as a documentation of the extent
that estimation errors can arise from small unmodeled forces. Tables 2-8 and
2-9 contain a summary of state only and state plus solar pressure DPODP solu-
tions using range and range plus doppler data for twelve day and two day data
arcs shortly after the midcourse maneuver.
A more thorough understanding of this problem may be obtained by
using a simplified analytical model to find the cause of the differences in the
solutions of Table 2-8. This model is based on a first order temporal expansion
of the topocentric range rate and is given in Eq. (i) (see Ref. 16).
_(t) = a + b sin _t + c cos _t + d_t + e_t sin _t + f_t cos _ot (1)
where
a =
o
b = _r cos 6
s
c = _r co s 6A_
S
d = [ag + r(_ 2 cos 2
e = -r sin 56
s
+ <_z)]/_ =
o
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Table 2-9. Results of Two DPODP Solutions Using Data Between
March 17 and March 19 With Epoch at March I, 1969
and With A priori o G = 1
Data
Solve for
parameters
ZX(Gr)
e(G r)
Lx(Gx)
_(G x)
A(Gy)
_(Gy)
r(March 17)
x(March 17)
Doppler only
State plus
solar pressure
-1
-0. 1752 x 10
0.9407
0.4231 x 10 -1
0.6905
0.4189
0.3811
Doppler plus
range
State plus
solar pressure
-0.1483 x 10
0.9371
0.3842 x 10
0.6720
0.3871
0.356_
5,796,975.65
-1
-1
5,797,000.00
102.98550
mined primarily from the gravitational portion of term d,
f = r 5cos6
s
r = geocentric range
c_ = right ascension
6 = declination
co = earth angular rate
a = gravitational acceleration
g
r s = distance of the tracking station off the Earth's spin axis
A Simplified Method of Predicting the Difference in the Geocentric
As shown in Ref. 16 for a near Earth spacecraft the range is deter-
in Eq. (1). Improper
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modeling of the solar pressure force produces a fictitious component to the
gravitational acceleration given by Eq. (2) (see Ref. 17).
ciAp ]A_(S. P. ) - 2 [AGr(USp " UEP) + AGx(X':-" • uEp) + AGy(y':-'_• uEp)
mrsp
(2)
where
Ap
rsp
UEp
Usp
x _':_an d y":"
= projected spacecraft area
: sun-probe distance
: unit vector in earth probe direction
= unit vector in Sun probe direction
= unit vectors which are bisected by the probe-Canopus dlrec-
tion and together with Usp form a right-hand orthogonal
coordinate system
m : spacecraft mass
Cl : multiplying constant
Figure 2-13 shows this unmodeled acceleration for values of AGr,
and AG determined using both doppler and doppler plus range data.
_Gx' y
Although the two sets of the AGs are widely different they produce almost iden-
tical accelerations in the Earth-probe direction and may be represented to a
first approximation by
- 2 - (3)A_ = -0. 518 x 10 ll km/sec + 0. 50 x l0 18 km/sec3t
where
t = time in seconds past March 7, 1969
The DPODP will try to absorb this unmodeled solar pressure accel-
eration in the solar gravitational acceleration primarily by means of a range
error Ar. The crucial partial derivative in this development will be the partial
JPL Technical Memorandum 33-469 2-35
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Figure 2-13. Solar Pressure Acceleration Produced by Using
x,- Deterrn[ned from DPODP Solutions UsingAGr, y,
Doppler Only and Doppler and Range Data
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of the gravitational acceleration w. r.t. the Earth probe range. This quantity
may be easily determined in the following manner:
From the figure below, (the pertinent vectors and angles for development
of 0a /Or.)
Y
s/c
fE EARTHSUN
since
[ r:_ 1r. __: r Y-Sp+- - GM ---
ag r 3 rrE Jrrsp
r
-- -- 0
Orr
_ +r 'lrr  
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oM [ ,r Ecosx,]
r z + r2 2rr E cos x
_-[3 (r - rE cos x) 2 ]= 2 2 1
rsPL r + r E - 2rr E cos x
r 22] Esiox2-3 -2-
rsp L rp
GM [2 3 sin 2 %b]3
rsp
(5)
An approximate value of the range and range rate errors, Ar o, and
A÷ caused by the unmodeled solar pressure accelerations may be obtained by
0 j
ignoring periodic terms in Eq. (1). Thus, the geocentric range rate may be
written as
_(t) = _ + i: t + 1 ._. t 2
O O _ O
An error in the acceleration of amount e_ will produce an error in the geocen-
tric rate, _÷, of amount
(_(t) = (_:(t)t
where it is assumed that (÷(0) =
ous acceleration by changing r °
squares sense. Thus since
0. The ODP will try to account for the spuri-
and ÷ to minimize [_(t) - e_(t)] 2 in a least
O
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and
a÷
= I
o
a i- _ ai _ t + 1 a¥" t 2
o o o
the usual least squares formulation gives
ar I
O
I
1&r o
fT2( "a_ Ot + 2-a--_olai _'t2_ 2]
JT 1
dt /T2( 1+'+"2'
JT 1
l a?" tz_
t + _8-_o }dt dt
JTI 1
-1
T2(÷(t)( aFt 1 a?'t2_
l aro +_a-7-2o !
Ta_(t) dt
1
dt
(6)
where it has been assumed that the data is continuous between times T 1 and T 2
and is uniformly weighted. An examination of Figures 2-13 and 2-14 yield the
numerical values of the quantities in the above equations, and they are
_÷(t) = -[0. 518 x lo-1l- O. 25 x lO-18t(sec)] k--_m2t(sec)
8ec
aF -13 1
- 0.395 x 10
ar 2
o sec
aY-" -20 l
- 0.75x 10
ar 3-
o sec
where it has been assumed that
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Figure 2-14. Partial of the Gravitational Acceleration w. r.t. Range.
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Thus, Eq. (6) may be evaluated to give
I Aro 1
Ai_ °
-141 km
O. 0 x 10 -5 km/sec
(v)
This result should be compared to the difference in the range values
from the DPODP state only doppler solution and the state plus solar pressure
doppler plus range solutions of -165 km and 1. 1 x 10 -6 km/sec. The discrep-
ancy between the DPODP range change of 165 km and that given by Eq. (7) is
probably due to the fact that part of the effect of the unmodeled solar pressure
acceleration may be absorbed into other parameters than the range. For exam-
ple, the change in the cross velocities between the two solutions mentioned
immediately above may account for approximately 5 percent of this unmodeled
acceleration. The discrepancy between the DPODF range rate change of 1. 1
x 10 .6 km/sec and 0. 0 x 10 -5 km/sec of Eq. (7) is insignificant because both
are so small.
Reason Why Doppler Only Solutions Give Good Range Results
Deleting all the periodic terms in E]q. (1) allows the geocentric
range rate of the spacecraft to be written as
i_(t) = _ + F t
o o
For the spacecraft well into heliocentric space, this may be represented very
well by
_(t) = ÷ + a t
o g
(8)
Clearly the _ is determined early in the data arc while tile range which isO
obtained from ag, will be obtained when the second term becomes comparable
to the first. Hence a perturbation in the range, (r' will be approximately
related to a perturbation in tile range rate, (_, by the following equation
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aa _a
(.(t) = ___X( t ----g = 0.4 x 10 -13 2
I" Or r ar sec {9)
To keep the error in the doppler due to the range error below a typical residual
-2
value of 0. 2 x l0 Hz requires c to be less than 20 km for a data arc of 2 days
r
and less than 3 km for a data arc of 12 days. Tables 2-8 and 2-9 show that the
difference in the range between the state plus solar pressure solutions using
either doppler only or doppler plus range are 24 km and l km for data arcs of
2 and 12 days respectively. These results agree fairly well with the numbers
predicted by Eq. (9).
b. Effect of Station Location Distance From Equator on Radio
Tracking -- N. A. Mottinger
As discussed in Subsection II.A.2.B., the sensitivity of doppler track-
ing from deep space probes to the Z component of station locations is nearly
negligible. However, when range data, p, is one of the data types included in
the reduction and the probe declination becomes fairly large in absolute value,
the computed range is sensitive to incorrect Z values. A simple equation
relating the two is Ap = z_Z sin 5, where 6 -- geocentric declination of the
spacecraft. The consequences of an error in the Z value had not been considered
in the reduction of either the Mariner VI or VII range data. Problems had been
encountered when fitting the doppler and range data from Mariner VI but
appeared to have been resolved by including the accelerations produced by solar
radiation striking the high gain antenna. Using the models available for this
acceleration produced agreement between the doppler only and doppler and range
solutions on the order of l km, as discussed in Section II.A. 3.a. It was
assumed that this had eliminated most of the significant problems outside of
charged particle affects when the two data types were used. However, including
the transverse solar acceleration for Mariner VII did not eliminate the conflict.
In this case, range data was available from four stations whereas for MarinerVI
it had only been available from one. When range data from only one station was
used to complement the doppler, a stable solution could be obtained, but when
range data from more than one station was used, conflicts arose.
Changes as large as 1400 km occurred in the B-plane when the range
and doppler data were forced into the reduction. Examples of the incompatibil-
ity of the two data types is shown in Figure 2-15a where typical doppler and
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range residuals are shown when data from the 8th of April to the 5th of May
were fit. As is shown even the range data has not been successfully fit. Ranging
from DSS 14 was weighted by 6 m and that from other stations by approximately
18 m. In light of the known range error induced from charged particle effects,
up to 15m, the choice of weights was thought to be a possible explanation. The
reduction was repeated but omitting the DSS 14 range data. Typical residual
plots are shown in Figure 2-15b. Although the fit has been improved, signatures
on the doppler residuals still indicate that the problem is far from solved. It
should be noted that the value for B. R obtained in this second case is more in
line with solutions obtained fitting only the doppler data.
The suggestion was made that erroneous Z values for station loca-
tions might be causing these problems. K. Lambeck at the Smithsonian Astro-
physical Observatory (SAO) was contacted for solutions obtained from the
computation of the SAO Standard Earth 1969. He supplied estimates with asso-
ciated uncertainties of 15 m and which differed from the values currently being
used by as much as 56 m. A table of the differences shown in Section II.A. 2. a.
is repeated here in Table 2-10. Also included is the range change computed
from the equation given earlier. Due to the greater magnitude of declination for
Mariner VI, -40 deg vs -30 deg for Mariner VII, the range corrections were
larger. Another candidate for the range error is the charged particles in the
Earth's ionosphere and generally in the interplanetary medium (space plasma).
The former could account for as much as 15 m, as mentioned above, and the
latter has been noted to account for as much as 25 m. Range residuals observed
before the fit show variations on the order of 30 m which are easily attributed to
charged particles, but they could also be caused by the new Z values.
An attempt to explain the erratic behavior of the doppler data under
the influence of the range may be made in terms of the information on range
rate implied by the range data. The doppler data may be thought of as a mea-
surement of the change in range over a specified interval. Similar information
is implied when more than one range point is taken. If the situation is such
that range is being taken from more than one station, erroneous information on
range rate is implied from the range data if the observables are not computed
correctly. As an example, if range from DSS 41 and DSS 62 on April 9, 1969 is
JPL Technical Memorandum 33-469 2-43
2-44
--0
z
0
i-
o
o
o
o
o
o
o
E
r-
CN
CN
--J
n"
o
rr
tl
W
I-
o
o
8
7
Z
0
o
o
o
o
o
o
o
o
o
o
D
C
o
o
o
o
o
co
,o
e_
o
88 o
'slvnals]_ 30N V_I
p
--a
z
0
i-
o
o
o
o
I-
o
E
,o 0
0
_D
0'_
"_r
--I
r_
<
0
rr
ii
w
I-o
'T
°,.._
o ._ -,.D
E _'0
% x:
o 2
w _
o
u7 _
I
JPL Technical Memorandum 33-4_9
m_
z
O
o
d
O
Oo
O
%
u O
%
% 0
0 o
°oo
d
0
0
o
ZH 'S7Vf'I(]IS:I_ _l:llddOG
%
O
°_ o
,g o
,o
0
E
o
c'M
o."
o,
O
o _
0
E
....i
i--
m_
z
0
OOooo%
Oooo
°9)%
Oo
Ooo
o
o _ O _ o
o O O
o _ o" o"
ZH 'S7VA(]IS]_ _]lddOO
c_
r-,
,_C:
4J
<
o_
"O
.,-,i
0J
_J
b.13
r_
c_
kr_
I
_J
4J
O
L)
_O
"O
O
°_
JPL Technical Memorandum 33-469 2-45
nz
mO
O
o
o
8
'S7VQ(]IS3_ 3ONV_
o
z
mo
I--
o
o
o
o
o
o
o
o
0
0
!o
io
o
o
o
o
E
._. o-
o"
._1
0
m
i.-
o o
I
o
w;2
co
o
E
_o _o
o,.
._J
.,:(
0
f'4 _'-
C21
z
--O
8
o
8
O
o
ZH 'SIVNGIS]_ 8]lddOO
[21
z
EO
m
i--
c_
8
8
c_
ZH 's7vnalS]_ 817ddO(]
o
o
o
E
%
_..J
m
<_
0
I---
o
o
?
©
E
o-
O
C'4 --
I'---
r_
U
,.D
I1)
_Q
_ O
O
C_
A
U'5
I
2-46 JPL Technical Memorandum 33-469
Table 2-10. Effects of Z ;:_on Range Measurements
DSS
1111214
41
42
61
62
AZ, m
-4
-5
-18
56
-42
Ap = AZ sin 6, m
Mariner VI
3
12
2.5
-36
27
Mariner VII
3
9
-28
21
'""Distance of tracking station from Earth equatorial plane
used the error in computed range is approximately 18 m (obtained from Table
2-10 for Mariner VII). Range points were observed to be taken 2 hr apart during
the interval in question. Dividing 8 m by 2 hr to give meters per sec which is
then converted to hertz gives a value of 0. 035 Hz. This is nearly the size of the
residual noted for the two way doppler pass beginning on the 9th. Adding the
DSS 14 range data, as noted earlier, totally disrupted the fit. Although the
range error is approximately the same as for the DSSs 41 and 62, the increased
weight used on the data would cause greater conflict between the doppler and the
range change implied by the range itself.
B. FLIGHT OPERATIONS
1. Introduction -- S. K. Wong
Mariner VI and VII were launched from Cape Kennedy on 25 February 1969
and 27 March 1969, respectively. Both spacecrafts fulfilled the mission objec-
tives even though some nonstandard events were encountered by the two
spacecrafts.
Mariner in-flight flight path analysis was the responsibility of the Mariner
Flight Path Analysis and Command (FPAC) Team which was staffed by
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Jet Propulsion Laboratory personnel. The FPAC organization and participants
for the mission are shown in Figure Z-16. The FPAC Team consisted of the
following functional groups: System Data Analysis (SDA); Orbit Determination
(OD); Maneuver Analysis (MA); Trajectory (TRAJ); and Flight Support (FS). The
FPAC activities for Mariner VI and VII are described in Section If. B. 5 and
Section If. B.6, respectively.
The purpose of the preceding Section of this document is to give insight
into the overall performance of orbit determination functions. For the sake of
convenience, the mission has been separated into three distinct phases: pre-
midcourse, cruise and encounter. The pre-midcourse maneuver phases of
Mariner VI and VII are examined in Subsections II. B. 5. a and II. lB. 6. a,
respectively, which describe the orbit analysis during the interval from launch
to midcourse maneuver. These results define how the entire trajectory would
have appeared had there been no midcourse maneuver, such information being
necessary to the planning of the maneuver.
The Mariner VI and VII cruise phase least squares orbit solutions are
given in Subsections II. B. 5. b and If. B. 6. b, respectively. These Subsections
discuss the cruise orbit solutions numerically integrated to Mars encounter.
The Mariner VI and VII encounter phase aiming point estimates are
described in Subsections II. IB. 5. c and II. ]3. 6. c. These results are numerically
based on Radio Tracking Data obtained five days prior to Mars encounter and
up to 3 hr before Mars encounter.
2. Locations of DSIF Tracking Stations and Physical Constants --,%'.K. W(mg,
S. J. Reittbohl
The primary tracking support was provided by DSS 12 (Goldstone-Echo,
California), DSS 14 (Goldstone-Mars, California), DSS 41 (Woomera,
Australia), DSS 51 (Johannesburg, South Africa), DSS 62 (Cebreros, Spain).
Tracking data was also provided by DSS 11 (Go]dstone Pioneer, California),
DSS 42 (Canberra, Australia) and MSFN 75 (Ascension Island).
There were four updates on the locations of the tracking stations used in
the SPODP (Ref. 18) because of the correction h)r polar motion, which is time
dependent.':: The four updates were implementc_d on the following dates:
<:The DPOI)P tal<{_s polar motion into account, lhe SPODP needs an average
position for the data it is proc_ssing.
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ist update:
2nd update::
3rd update:
4th update:
17 May 1969
26 June 1969
23 July 1969
23 July 1969
The 3rd and 4th updates were implemented on the same date. The 3rd update
was for orbit computation using a short data arc (E - 5d to closest approach).
The 4th update was for orbit computation using a long data arc (platform unlatch
to closest approach). The locations of the tracking stations used for orbit
computation at the launch of Mariner VI and VII and at the four updates are
given in Tables 2-11, 12, 13, 14 and 15. The set of station locations used for
Mariner VI and VII launch were computed for polar motion between the two
launch dates. The sets of station locations for updates l, 2, 3 and 4 have polar
motion corrected to 9 May 1969, 15 June 1969, 29 July 1969 and 25 June 1969,
respectively. The set of physical constants used for inflight orbit computa-
tions is given in Table 2-16.
Table 2-11. Station Locations for Mariner VI and VII Launch
DSS 11
DSS 12
DSS 14
DSS 4 1
DSS 42
DSS 51
DSS 61
DSS 62
DSS 72
Radius
(kin)
6372
6371
6371
6372
6371
6375
6369
6369
6378
Latitude
(Deg)
.0061
.9904
.9891
.5534
.7003
.5290
.9899
.9924
.2386
35.208118
35.118741
35.244429
-31.211440
-35.219559
-25.739504
40.238507
40.263484
-7.899908
Longitude
(Deg)
.150710 5206
.194640 5212
.110600 5203
.887680 545O
.981480 5205
.685511 5742
.751200 4862
.632400 4860
.673636 6317
243
243
243
136
143
27
355
355
345
r s
(kin)
.3319
.0435
.9887
.1952
.3483
.9351
.6O86
.8163
.7071
Z
(kin)
3673.7679
3665.6329
3677. O569
-3302.2430
-3674.6311
-2768.7663
4114.8279
4116.9489
-876.6439
2-50 JPL Technical Memorandum 33-469
Table Z-12. Station Location for ist Update
DSS
DSS
DSS
DSS
DSS
DSS
DSS
DSS
DSS
ii
12
14
41
42
51
61
62
72
Radius
(kin)
6372.0061
6371.9904
6371.9891
6372.5534
6371.7003
6375.5290
6369.9899
6369.9924
6378.2386
Latitude
(Deg)
Longitude
(Deg)
35.208104
35.118727
35.244415
-31.211472
-35.219595
-25.739471
40.238546
40.263524
-7.899869
243
243
243
136
148
27
355
355
345
.15068
.19461
.11057
.88767
.98147
.68550
.75120
.63240
.67363
5206
5212
5203
5450
5205
5742
r
s
(kin)
.3319
.0435
.9887
.1952
.3483
.9351
4862.6086
4860.8183
6317.6439
Table 2-13. Station Location for 2nd Update
DSS 11
DSS 12
DSS 14
DSS 41
DSS 42
DSS 51
DSS 61
DSS 62
Radius
(kin)
6372.0065
6371.9907
6371.9895
6372.5535
6371.7002
6375.5316
6369.9869
6369.9922
Latitude
(Deg)
35.208090
35.118713
35.244401
-31.211468
-35.219594
-25.739451
40.238574
40.263529
Longitude
(Deg)
243. 150580
243. 194510
243. ii0470
136.887570
148.981350
27.685394
355.751090
355.632290
r s
(kin)
5206.3339
5212.0456
5203.9908
5450.1936
5205.3459
5742.9399
4862.6016
4860.8128
Z
(km)
3673.7656
3665.6305
3677.0545
-3302.2457
-3674.6342
-2768.7621
4114.8316
4116.9525
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Table 2-14. Station Location for 3rd Update
DSS
DSS
DSS
DSS
DSS
DSS
DSS
DSS
11
12
14
41
42
51
61
62
Radius
(km)
6372.0084
6371.9927
6371.9915
6372.5561
6371.7103
6375.5247
6370.0Z35
6369.9643
Latitude
(Deg)
35.208100
35.118724
35.244410
-31.211504
-35.219730
-25.739303
40.238966
40.263259
Longitude
(Deg)
243.150590
243.194520
243.110470
136.887560
148.981330
27.685400
366.751080
355.632270
r
s
(km)
5206.3348
5212.0464
5203.9918
5450.1938
5205.3455
5742.9409
4862.6013
4860.8110
Z
(kin)
3673.7676
3665.6327
3677.0565
-3302.2505
-3674.6524
-2768.7443
4114.8885
4116.9116
DSS
DSS
DSS
DSS
DSS
DSS
DSS
DSS
Table 2-15. Station Locations for 4th Update
Ii
12
14
41
42
51
61
62
Radius
(kin)
6372.0084
6371.9927
Latitude
(Deg)
Longitude
(Deg)
35.208117
35.118740
243.150590
243.194520
6371.9915
6372.5561
6371.7103
6375.5247
6370.0235
6369.9643
35.244427
-31.211508
-25.219730
-25.7393]6
40.239859
40.263252
243.110470
136.887570
148.981340
27.685396
355.751090
355.632280
m S
(kin)
5206.3338
5212.0454
5203.9908
5450. 1936
5205. 3455
5742. 9402
4862.6018
4860.8115
Z
(kin)
3673.7691
3665.6341
3677.0580
-3302.2509
-2674.6525
-2768.7456
4114.8879
4116.9110
2-52 JPL Technical Memorandum 33-469
Table 2-16. Nominal Physical Constants Used for MM'6 <)Mission
Constant
G ravitational
Coefficients km3/sec 2
Sun
Earth
Moon
Mercury
Venus
Mars
Saturn
Jupiter
Uranus
N eptu ne
Pluto
Mars/Sun Mass Ratio
Earth's Radius to
Convert Lunar
Ephemeris to kin, km
Radius of Earth, km
Radius of Mars, km
Coefficient of Second
Harmonic in Earth's
Oblateness
Coefficient of Third
Harmonic in Earth's
Oblateness
Coefficient of Fourth
Harmonic in Earth's
Oblateness
Coefficient of Second
Harmonic in Mars
Oblateness
Astronomical Unit, km
Value
0.132712499xi012
398601.2
4902.78
22181.598
324860. i0
42828.444
37926525.7
126707718.8
5787723.46
6890576.3
73240.893
0.32273681xi0 -6
6378. 1492
6378.160
3393.4
0.00162405
-5
-0.64x10
-5
0. 69125xi0
O. OO197
149597893.0
SPODP
Symbolic
Designation
KE
KM
MM
RE
RSTOP
J
H
D
AU
Space
S ymbolic
De signation
G MS
GME
GMM
GMR
GMV
GMA
GMC
GMJ
GMU
GMN
GMP
REM
RE
RA
J
H
D
J(2. o)
AU
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Table 2-16. Nominal Physical Constants Used for MM'69 Mission (cont'd)
Cons rant
Velocity of Light,
km/sec
Area of MM'69
Spacecraft, meter 2
Mass of MM'69
Spacecraft, kg
Gamma B of MM'69
Spacecraft
Solar Radiation
Pressure Constant
km3kg/sec2m 2
Ephemeris Time-
Universal Time, sec
Index of Refraction
DSS Ii, Pioneer
DSS 12, Echo
DSS 13, Venus
DSS 14, Mars
DSS 41, Woomera
DSS 42, Canberra
DSS 51, Johannesburg
DSS 61, Madrid
DSS 62, Madrid
DSS 7Z, Ascension Is.
Value
299792.5
8.99079
384.07915
0. 34423
1.0088xi08
SPODP
Symbolic
Designation
C
ARMARS
MSMARS
G BMARS
RA DOP T
39.5
240
24O
240
240
340
310
240
30O
300
340
DUT
INDEX(2)
INDEX(12)
INDEX(15)
INDEX(14)
INDEX(4)
INDEX(3)
INDEX(5)
INDEX ( 13)
INDEX(11)
INDEX(I)
Space
Symbolic
Designation
ARA
MAS
GB
SC
DUT
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o Tracking Data -- S. K. W_mg, S. J. Reinhold
a. Data Types
The data types used in the computation of the orbit of the spacecraft
are as follows:
l)
2)
3)
Hour angle and declination (HA, DEC)
This data type is the pointing angle of the tracking antenna
expressed in degrees; it is only used in the very early orbits.
S-band, phase coherent counted doppler (CC3) this is a
measure of topocentric radial velocity of the spacecraft, and
it is the prime orbit data type. Units: 1 m/s=15.3 Hz
(Figure 2-17).
Mark IA range unit (RU) this data type is defined as follows:
15(At + _) 96fqlmod 785762208PDSIF = 221
where p __
t =
fq =
785762208 RU =
measured round-trip interval, in RU
round trip light time in UTC sec
transmitter reference frequency =2ZMH
z
time delay in seconds from station
equipment, space transponder and
intervening space plasma-ionospheric
medium
code length of system
4)
The Mark IA ranging system is limited to an effective one-
way range of approx. 10,000,000 km.
The planetary ranging system at DSS 14 (Goldstone-Mars)
measures the round trip delay directly in nanoseconds. The
i. 00947
code length of the equipment is i. 0002 s, hence
1.00947 x 109
Pplanetary : 109(At + () mod 1.0002
At and _ is defined the same as for the Mark 1A range unit
e quati on.
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Figure 2-17. S-Band Two-Way Configuration
b. Compressed Data
Compressed data is averaged over some time interval greater than
the actual count tinle (600 sec intervals were used for compression). This
smoothing process is reflected in improved statistics for individual points.
For this mission, all tracking stations utilized a digital resolver
for incrementing the sample time Io the exact time of zero phase delay (±i0) ns
between transmitter and receiver. This has the advantage of eliminating counter
truncation error.
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4. Pre-Flight Encounter OD Strategy Plans --./ W. Zielenbach
The encounter orbit determination activities for the two Mariner '69
spacecraft were directed toward delivering an encounter time accurate to
+5 sec, at the time that the science system was turned on, and a position in the
B plane with a circular uncertainty of 300 km by 3 hr before closest approach.
By considering the effects of the various possible errors in the model being
used, a plan of action was established for each of the two requirements. The
plans were elaborated to allow information from the first spacecraft to influence
the orbit determination of the second. The plans will be described first, fol-
lowed by an indication of how they were implemented in practice.
• Strategy for Determining Encounter Time
Because the experimenters wanted their first TV picture to include
the limb of Mars, and because the camera was to take exposures every42. 24 sec,
it was necessary to determine the time of closest approach (and from that the
time of limb passage) to within ±5 sec. Moreover, since the camera shuttering
sequence, once started, could not be adjusted, and since this sequence included
the far-encounter series of pictures, the time of encounter had to be delivered
before the first TV pictures were taken, or 61 hr, prior to Mariner VI
encounter, 78 hr prior to Mariner VII encounter.
The spacecraft's velocity relative to Mars was sufficiently high that
the probe would be too far from the planet to produce the gravitational accelera-
tions necessary to give a strong determination of the probe-planet range with
doppler data alone at the time science power was energized. (This range, along
with the spacecraft velocity would detecmine the time until encounter. ) The
range had to be obtained from the geocentric probe range, and the geocentric
ephemeris of Mars. With the projected encounter speed of 7 km/sec, and the
allowable uncertainty in time of 5 sec, the combined error of these range deter-
minations could not exceed 35 kin. Section II.A. 2.a describes the ephemeris
used for this portion of the mission, and indicates that the probable error in
geocentric Mars range during the encounter period was less than 5 kin. This
put the burden on the flight OD engineer of determining the geocentric
spacecraft range to better than 30 km.
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The geocentric spacecraft range during cruise is determined
primarily through observation of the heliocentric acceleration inferred from
the doppler data of the probe and a knowledge of the heliocentric ephemeris of
the earth. Doppler data can provide extremely accurate measurements of
acceleration, but the deduction of range from such acceleration is quite suscep-
tible to error in the presence of unknown or inadequately modeled
non-gravitational forces. Since one never knows whether he is being affected
by an unknown force, it is desirable, for safety's sake, to have an independent
measurement of the earth-probe distance. It is for this reason, among others,
that lhere was such insistence on spacecraft ranging during cruise and encounter.
Though ranging was provided by the DSN, determination of the space-
craft orbit using it was not an open and shut case. Experiences earlier in the
mission had demonstrated quite strikingly both how powerful and how unforgiving
this data type could be when the physical problem was mismodeled. (This is
discussed in Section II.A. 3.) Because the errors in the Doppler data were
small enough to limit the accumulated range error (integrated Doppler) over a
pass to i. 5 m, the combination of range calibration and program modeling
errors could not vary by more than this amount from day to day if one hoped to
use all the range data in conjunction with the doppler data. A conservative
approach seemed sensible because of the myriad of possible modeling errors
that might amount to more than i. 5 m per pass. Moreover, when continuous
Doppler would link the spacecraft's position from one time to another, it was
obvious that a single range determination would be sufficient. Consequently,
for the flight time determination, it was decided to use one point, or at most
one pass, of ranging data as close to science turn on as possible, combined
with as much Doppler as desired.
• Strategy for Determining B-Plane Parameters
An important variable in any interplanetary orbit determination
strategy is the length of the data arc used in the final computation before
encounter. For MM'69, even at E - 4 hr, the gravitational attraction of
the planet was not strong enough to firmly establish with radio tracking a
direct, planet-centered orbit; an earth-relative orbit had to be established and
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then referred to Mars via the planetary ephemeris. Thus in determining the
length of the data arc, the question resolves to deciding what arc gives the most
accurate and reliable earth-relative orbit.
For comparison purposes, two extreme strategies were analyzed:
l) a short arc not exceeding 10 days of data and 2) a very long arc including all
the cruise data. The case for the short arc says that this guards against the
long term build-up of modeling errors. The case for the long data arc is that,
not only does it produce better estimates because of a longer time to average
data errors and a more solid geometry on which to have the estimate, but that
often its susceptibility to certain model errors is less than the short arc.
Although neither extreme can be totally relied upon, the preponderance of
past evidence with the SPODP favored the short arc, primarily because of its
difficulties in fitting very long arcs of data from Mariner IV and V.
However, with the improved modeling and increased computational
precision of the DPODP, and the significant improvements in the knowledge of
physical constants and station locations, it seemed appropriate to reconsider
the long arc approach.
• Unmodeled Forces
Since charges of susceptibility to acceleration modeling errors
were levied against each method, and used as the telling argument for each
prosecution, an attempt was n_ade to perform an analysis, using real data.
The analysis of the solar pressure phenomenon early during the flight of
Mariner 6 (Section II.A. 3. a.) exemplifies how these more subtle errors affect
short arcs. The long arc problems were studied using the notoriously "dirty"
Mariner IV spacecraft which had well-documented, long-term, unmodeled low-
thrust forces due to its attitude control system. The results were rather sur-
prising. The long arc solutions, though they fit the data poorly, gave
consistently better predictions than the short arc solutions up to E - I day,
without the instability that accompanied the short arcs.
The explanation proffered, but by no means proved here, is that a
mean orbit was determined which best fit the existing data over the whole span
within the confines of the existing model. In general, the unmodeled accelera-
tions have little actual affect on the trajectory, but do their damage in the
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filter where they can influence the state parameters being included in the
solution. Over a long arc, this is more difficult and acceleration signatures
which can be absorbed with a small amount of data may be forced out of the
solutions.
In general, experience coping with unrnodeled forces shows that
when they are present, their effects on the orbit estimate are immediately
apparent. (See Subsection II.A. 3. a, also II. B. 6.b. 3 and II.B. 6.b. 4). The effects when
using long arcs are imperfectly understood, but the Mariner IV studies suggested
that the B-plane predictions based on long arcs were more reliable than those
based on short arcs.
Thus, since it was clear that no single strategy could be shown
appropriate for the range of possible situations, the determination was made
to prosecute both (and an intermediate length arc as well) and scrutinize the
results of each for temporal stability of solutions, residual behavior, compat-
ibility of doppler only and doppler plus range solutions, and single/multiple
station consistency checks.
There were a variety of other known error sources which could have
significant effect on the orbit determination. These errors and the techniques
devised to reduce them are described in Section II.A.2. How the O1) strategy
was designed around th(,sc will now be discussed.
• Ephemeris Errors
The plan finally adopted was designed to Ininimize susceptibility to
,,phen_eris errors during the OD for the first :_pacecraft, and to capitalize on
\vhat was learned about the ephenleris for use with the second spacecraft.
Post-flight experience with Maril_,.r \7 indicated how fatal an ephen_-
eris error in geocentric r:inge could be when rang'ing data was combined with
Doppler and the target ephemeris was assum_d l<nown. The Mars-spacecraft
acceleration provides the inforn_ation to detern_ine the range to the planet with
doppler alone. This inforlnation conies afte. r the flight-time determination at
E - Z to 3 days, but well before the final orbit estimate is made at E - 4 hr.
The addition of ranging, then, is a separate nzeans by which to deduce the probe-
target range. This deduction n mst be made through the planetary ephen-mris,
and, if this is in error, the two independent range detern_inations ".'ill be in
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conflict, a conflict that is resolved in part by moving the planet-centered
latitude estimate of the probe. For MM'69, the possibility of such a
movem_nt w_s highly undesirable.
'I'oavoid this difficulty, it was decided to include no ranging data
that could be connected to encounter by continuous Doppler when solving for
B-plane para:_leters for the first spacecraft, flaying delivered the final esti-
mate, all available ranging data would be used to evaluate the Mars ephemeris
geocentric range error.
Because of the small uncertainty required in the direction norn_al to
B in the B plane, the mission was extremely susceptible to ephen_eris latitude
errors. Unfortunately there was nothing that could be done from an OD stand-
point to minimize this exposure for the first spacecraft. If the estimate for
Mariner V1 proved to be in error due to a combination of ephemeris and sta-
tion location errors, the post-encounter data fron_ Mariner VI could be used to
attempt a rectification before the Mariner VII encounter. Planning for success,
it was also recognized that if the first spacecraft proved the Mars ephemeris
was accurate to under 5 km in the Earth Mars direction, then ranging data
could be freely used during the Mariner VII encounter.
• Timing and Polar Motion Corrections
In view of the critical dependence of orbit determination results on
the instantaneous value of UTI, every attempt was made to incorporate the
timing information supplied from TPOLY as described in Section II.A.2.c.
Because of the nature of the smoothing process the addition of one additional
day's timing data often noticeably changed the smoothed UTI for the previous
two weeks from the values that were determined on the preceding day. From
an operational point of view this meant that with every timing polynomial update,
all previous short arc data had to be reprocessed, and at least the last two
weeks of long arc data. Polar motion data was updated monthly with the last
update ten days before the Mariner VI encounter and presented no partic-
ular operational problem to incorporate.
• Ionosphere
A large amount of research and analysis on charged particle effects
was conducted prior to and during the flight. The results showed that
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ionospheric effects could change the effective distance from the spin axis (rs)
for the prime tracking stations by as much as 5 m. Since it was felt that this
would map into some 200 km in the B • R component, every effort was made
using post flight data from other missions, to determine a set of "ionosphere-
free" station locations, which could be used in flight with tracking data cali-
brated to remove the ionospheric effects.
Although there had been little previous experience with such phenomena
on deep space missions, and the calibration procedures were stillintheresearch
and development phase, there was more to gain than to lose. It was decided to
conduct a parallel series of runs (long and short arcs) using the ionosphere-
free station locations and the calibrated tracking data. Because of the extreme
unfamiliarity with, and uncertainty in this new procedure, the PNP plan was not
to commit beforehand to an unalterable course of action in the event the two
series of runs gave widely different results.
• Station Locations
Other than for consistency checks on long-arc solutions, it was
decided not to attempt to solve for station locations during flight. The reason
is that, except for very long arcs, these locations cannot be distinguished from
the paranleters of the orbit, geocentric right ascension and declination. More
formally, the data partials with respect to probe state and earth station locations
are, practically speaking, linearly dependent. From all past missions, more
than enough data exists to determine the locations to an accuracy limited only
by imperfc, ctions in the physical model used- thc:_196'_ data arc, processed
under the limitations i1_posed by the real-tinge operation could not help.
The above gives lack of motivation-- there is yet a n_ore con_pelling
reason to even contraindicate a station solution. When estin_ating any two
linearly dependent paran_eters, the data is simply apportioned between the two
parameters in inverse proportion to the upriori know, ledge assulr_ed on each.
Thus, a signal in the data indicating an error in either the probe state or the
station location is blindly apportioned in this nlanner without any true discrin_-
ination as to its origin.
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• Parameter Sets
On the basis of the foregoing discussion, it was decided to compare
the following sets of OD solutions to arrive at a prediction of B-plane parameters:
a) The short arc, involving data from E_- 5 days to Ig - 4 hr.
Both Doppler only and Doppler and range solutions would be
made, solving for the cartesian state and the gravitational
constant (GM) of Mars.
b) The long arc, involving data from the last major dynamic
spacecraft activity (midcourse or the Magellanic cloud
mapping)"" to E - 4 hr. Both Doppler only and Doppler and
range solutions would be made solving for the cartesian state,
3 components of solar pressure and the gravitational constants
for the moon and for Mars.
There was the tacit understanding that if ranging were used in either
arc and caused the solution to disagree markedly from the Doppler only results,
in the absence of any extenuating circumstances, the solutions with ranging
were to be discarded in favor of the Doppler-only ones because of the ephemeris
geocentric range error phenomenon.
5. Mariner VI Inflight Orbit Determination Analysis
a. Premidcourse Orbit Estimates -- S. K Wong, S. J. Reinbold
• Introduction
The Mariner VI spacecraft was injected into its Earth-Mars
trajectory on February 25, i'969 at 01h41mll s.6 GMT. The nominal closest
approach point was 6339. 59 km from the center of Mars, to be reached on
30 July 1969; however, at injection, this was deliberately biased out to 20,859km
from the center of Mars to avoid any chance of impacting the planet. Hence,
a midcourse maneuver was planned at the outset to achieve the nominal aiming
point. This spacecraft had the capability to perform two maneuvers.
_The Mariner VII pre-encounter anomaly which occurred at E -
all long- and medium-arc solutions (see Subsection II.B.6.c).
127 hr degraded
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• Estimation of Spacecraft Premaneuver Orbit
The "ETR check orbit" was computed at JPL using only 7 data
points from Antigua. These sevendata points were obtained between the Centaur
main engine cut-off and the Centaur-spacecraft separation. Therefore this
orbit was biased _',_from the actual spacecraft orbit computed later during the
flight. This orbit indicated a B-miss of I03,670 km.
The first estimate of the spacecraft orbit was completed at
L + 2h 25 min and was based on approx i hour of DSS-51 angular and two-way
doppler data. When this solution was mapped forward to target, the B-plane
estimates indicated that the solution was very close to the nominal
premaneuver aiming point (B • R = -13_300 kin, B • T = 17 100 km, t =
' Ca
h
05 01m32 s)and that the correction required to achieve the nominal post-maneuver
aim point was well within the midcourse correction capability. This was veri-
fied by the second (ICEV) and third (PREL) orbit computations completed at
L + 5 hr and L + ii hr respectively.
During the second orbit computation period a comparison was
made between solutions with and without angular (HA_ DEC) data. One orbit
was computed using DSS 51 angular and doppler data in the least squares fit.
The other orbit was computed using only DSS 51 two-way doppler data in the fit.
The comparison showed a magnitude difference in the B vector of I0,830 kin.
Since it is known that angular data are biased, the sole purpose of using angular
data is to obtain early solutions until enough doppler data is obtained to converge
independently to a reasonable solution.
During the data consistency (DACO) computation period from
L + 14 hr to L + 27 hr, seven orbital solutions were obtained using various
combinations of DSS 41, 51, 12 and MSFN 75 (Ascension) data. The solutions
obtained from these computations indicated that the DSS 41, 51 and 12 data
were consistent. However, the MSFN 75 data appeared to be biased and this
bias is probably due to the inaccuracy of the surveyed station location. Since
only one hour of tracking data was obtained from MSFN 75, it was decided not
to use this data in any later orbit computations.
':=Aspring separation device changes the spacecraft velocity by approximately
0.6 m/sec when it is separated from the Centaur.
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During the DACO computation period, orbit solutions were also
computed using doppler data only, ranging data only, and doppler and ranging
data. These three solutions are in fairly good agreement with the amount of
the data in the solutions. The comparison between the three solutions is given
below:
Doppler Only Ranging Only Doppler and Ranging
B 13361.13 13540.22 13377.03
• _ -12983.65 -13044.16 -12985.47
• T 3153.51 3631.4355 3212.83
h m s h m s h m s
t 04 41 27.83 04 _0 20.09 04 41 20.74
ca
(7/31/69)
The nominal maneuver {NOMA) orbit computation time block
started at approximately I, + 40 hr. The NOMA ZXK orbit solution was used
for midcourse maneuver computation. The following amount of data was used
in the computation:
DSS 41
DSS 51
DSS 12
Doppler Ranging
23.5 hr 23.5 hr
27.0 hr 15.5 hr
3.0 hr 3.0 hr
The orbit estimated only the state vector and when this solution was mapped to
target, it indicated the following results:
B = 13407.02 km
• l_ = -12909. 08 km
• T = 3619.95 km
t 04 0 14. 379
ca
Examining the observed minus computed (o - c) residual plots
of the NOMA 2XK solution, the data fit appeared to be reasonably good.
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However, it indicated that some small perturbation probably was not accounted
for. Estimating for station locations, solar pressure in the Sun-Probe direc-
tion, Earth ephemeris elements, and changing the values of the index of refrac-
tion for the tracking stations did not improve the data fit. An orbit solution
estimating the gravitational constant of the earth (KE) along with state vector
did improve the data fit but it changed KE by the unrealistic amount of 7 kin3/
2
sec . It was suspected that the perturbation was due to an acceleration caused
by the solar pressure in the tangential direction or a small gas leak. Since
the SPODP was unable* to estimate the solar pressure in the tangential direction
nor the gas leaks and the DPODP has not yet been certified, it was decided to
use the NOMA 2XK solution for maneuver computation.
During this time a similar orbit solution to NOMA 2XI was com-
puted by the Double Precision Orbit Determination Program (DPODP). The
solution estimated the state vector by using the doppler data only. The ranging
data was not used because the program that converted the SPODP data tape to a
DPODP data tape handled the ranging data incorrectly. The comparison of
these solutions is given below:
Tar get Parameters SPODP DPODP ASPODP- DPODP
B 13439 km 13425 km 14 km
• R -12936 km -12929 km -7 km
• T 3641 km 3617 km 24 km
tca 04h4 omo 5 s nrnl s• 7 04h4. ,4.2 -8.5 sec
The last premidcourse (LAPM) orbit computation time block was
between midcourse minus 10 hours (M - 10 hr) to M - 1 hr. The orbits
computed during this time block indicated solutions very close to the NOMA
2XK solution which was used for maneuver computation. Therefore, the mid-
course maneuver was performed on the NOMA 2XK solution.
The numerical results of the premaneuver orbit computations are
presented in Table 2-17. Figures 2-18 and 2-19 show the B-plane estimates
*The flight version of the software system had been "frozen" with several
known "bugs" in the SPODP. These were corrected after the Mariner VII
maneuver was performed.
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of the orbits computed during pre-midcourse, Figures 2-20 and 2-Zl show the
time of closest approach of the pre-midcourse orbits.
b. Post-midcourse Orbit Estimates -- S. K. Wolzg, S. J. Re#_bold
• Introduction
The command to initiate the Mariner VI spacecraft maneuver was
transmitted by DSS 41 at 23h19 m GMT on February 28 and Canopus was
reacquired at 01hll m GMT on March i. The n, aneuver was performed approxi-
mately four days after launch.;"
Less than 6 days after the maneuver, the scan platform was unlatched
by ground command DC 45 transmitted at 19hll rn GMT, Niarch 6 from DSS 41.
This scan platform unlatch was performed by venting compressed nitrogen which
perturbed the orbit of the spacecraft. Continuous tracking coverage was pro-
vided from midcourse maneuver (M) to M -_ l0 days. Thereafter, the tracking
coverage was intermittent and averaged about 45 hr/wk. At encounter minus
9 days continuous tracking coverage was again provided until encounter plus
6 days.
Estimation of Spacecraft Pre-unlatch Orbit
The firstpost-midcourse orbit computed at approximately M + 6 hr
indicated that the orbit was quite different than the expected orbit. After
detailed analysis, it was discovered that the DSS 41 doppler data had a timing
error. With these data rejected, another orbit was computed using approxi-
mately 20 hr of tracking data (doppler and range). This orbit estimated
only the state vector and when this solution was mapped to target, it appeared
to be quite close to the expected orbit.
Maneuver Aiming Point
Orbit Post i (M.A.P.) &Post I - M.A.P.
• R = -460 km B " R = -643 km A_ • _ = 183 km
B-. T-= 7779 km B T" = 7452 km A_ • T = 327 km
t = 05h17m28 s t = 05h17m50 s At = -22 s
ca ca ca
;-'The maneuver and the scan unlatch were done as early as possible in order to
have time to correct any deficiencies before Mariner VII was launched (see
Section I).
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With about 1 day of data, the orbit solutions computed using doppler and range
data agreed with the orbit solutions computed using doppler data only. However,
with additional data the two types of solutions began to diverge and at the time
of the platform unlatch the two solutions were:
Doppler Only Doppler and Range
B = 7649 km B = 7410
• R = -384 km B • R -- -412
• T = 7639 km B • T = 7398
t = 05h18m03.s493 t = 05hl8ml6.Siz3
ca ca
These solutions estimated only the state vector. Even though these two solutions
indicated possible inconsistency between doppler and range data, the data fit of
both solutions was good. This was what led us to believe that with additional
data the two solutions might converge. The best inflight estimate of the pre-
unlatched orbit was:
B = 7797 km
• R = -410 km
• T" = 7786 km
t = 05hl 8m44s244
ca
This solution used only doppler data and estimated the state vector, the three
components of solar pressure and station locations.
• Estimation of Spacecraft Post-Unlatch Orbit
The characteristics of redetermination of the orbit during this phase
was that it took much longer for the orbit to stabilize. This was due to the
placement of the epoch (i.e., no near- Earth data) and the lack of continuous
tracking data. With about 5 days of intermittent tracking data the orbits differed
by at least 1200 km when one orbit was computed with apriori statistics and
another was computed without apriori statistics. The two solutions are given
as follows :
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BWith apriori Without apriori
B = 7108 B = 8348
• R = -423 _ • R = -348
• T = 7095 B • T = 8340
t = 05h18m35_646 t = 05h16m27_106
ca ca
These solutions were computed using doppler data only and estimating only the
state vector•
With about 18 days of intermittent tracking data the orbit solutions
were slowly moving toward each other• The solutions are as follows:
m
B
1
B
With a priori Without a priori
• R = -392 km i_ • R = -344 km
• T = 7590 km B • T = 8022 km
t = 05h17m45.s228 t = 05h17m05.s492
ca ca
With about 43 days of intermittent tracking data the orbit solutions with and
without apriori statistics were approximately the same.
Without a priori
" _ = -377 km
" _ = 7598 km
t = 05h17m46_390
ca
On April 30, the attitude control jets were fired attempting to
acquire the Greater Magellanic Cloud by the Canopus tracker. The reason for
performing this procedure was that the Canopus tracker must be stepped in
cone-angle to keep Canopus in view. The spacecraft had apparently lost this
capability and had stepped the cone-angle to an improper position. Due to the
difficulties in staying locked to the Greater Magellanic Cloud another attempt
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was made to step the tracker field-of-view to acquire Canopus and it was
successful.
During this procedure the doppler residuals showed a total doppler
change of 0.03 Hz and once again the spacecraft orbit was slightly perturbed.
The orbit of the spacecraft was redetermined using only the tracking
data obtained after the Magellanic Cloud activity. With approximately 2 months
of intermittent tracking data, the following orbit solutions were obtained:
Solution A Solution B Solution C
B = 7550 km B = 7616 km B = 7628 km
I_ • P, = -511 km _ • R = -418 km ]_ • P, = -367 km
B - T = 7533 krn B • -T- = 7604 km B • -T = 7619 km
t = 05h19m13s114 t = 05hlgm08.s376 t = 05h19m05.s539
ca ca ca
Solution A was computed using only doppler data and estimated only the state
vector. Solution B was computed using only doppler data and estimated the
state vector, the 3 components of solar pressure and station locations. Solu-
tion C was computed using doppler and planetary ranging data and estimated
the same parameters as Solution B.
The following solutions were computed with data up to E - 5 days.
Orbit 3 Post 49 3 Post 89 3 Post 91 3 Post 47
Data Used Doppler Doppler Doppler and Range Doppler and Range
Parameters
Estimated
B, km
B • ]_, km
]_ • _, km
t
ca
State Vector,
3 Components
State Vector,
3 Components
State Vector,
3 Components
State Vector,
3 Components
of Solar
Pressure
7586
-302
7580
05hi 8m53.s889
of Solar
Pressure,
Station
Locations
750q
-359
7591
of Solar
Pressure
7575
-320
7568
of Solar
Pressure,
Station
Locations
05hl 8m54.s 147 05hl9mo3S 754
7587
-402
7577
05hlqm02_441
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The four solutions agreed quite well. However, much more
confidence was placed on the time of closest approach computed using doppler
and range data.
The numerical results of the pre-unlatch, post-unlatch, and post-
Magellanic orbit computations are presented in Table 2-18. Figures 2-22,
2-23, and 2-24 show the B-plane estimates of the orbits computed during pre-
unlatch, post-unlatch and post-MagellanicCloud phases. Figures 2-25, 2-26
and 2-27 show the time of closest approach of the pre-unlatch, post-unlatch
and post-Magellanic orbits.
c. Encounter Orbit Estimates
Introduction
The basic encounter strategy was that orbit solutions would be
computed for a long data arc and a short data arc. The long data arc had a
data span from the Magellanic Cloud activity to the latest data point. The short
data arc had a data span from E - 5 d to the latest data point. The parameter
set to be estimated for the short data arc included the state vector and the mass
ratio of Mars to Sun; the long-data-arc parameter set included the state vector,
mass ratio of Mars to Sun and the solar pressure coefficients.
• Estin_ation of the Spacecraft Pre-Encounter Orbit--S. A'. WoHg,
S. J. Re#lbold
At encounter minus 61 hr, the best available time of closest approach
was needed for the spacecraft platform update. The reason for the importance
of this update was that the camera shuttering sequence would not be adjusted
after it was started. At this time, the DPODP encounter operations team
recommended the following value for the time of closest approach:
July 31, 1969 05h19m05.s412
follows :
The DPODPlong data-arc orbit solutions at E- 5 d
- are given as
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Figure 2-24. Mariner VI Post-Magellanic Cloud Orbit Estimates
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Orbit CM1 CM3 CM2 CM4
Data Used Doppler Doppler Doppler and Range Doppler and Range
Parameters State Vector State Vector State Vector State Vector
Estimated Solar Pressure Solar Pressure Solar Pressure Solar Pressure
Coefficients Coefficients Coefficients Coefficients
Station Locations Station Locations
B, km
B" R., km
B • T, km
t
ca
7565
-331
7557
05h19ml 1s263
7572
-383
756Z
05_ 9ml 1.8592
7594
-290
7589
05h19m06_893
7591
-329
7584
m s05h19 05.698
The SPODP long-data-arc orbit solutions are given below:
Orbit 3 Post 4q 3 Post 89 3 Post 91 3 Post 47
Data Used Doppler Doppler Doppler and Range Doppler and Range
Parameters
Estimated
B, km
B • R, krn
_. T, km
t
ca
State Vector,
3 Components
of Solar
Pressure
7586
-302
7580
05h18m53_889
State Vector,
3 Components
of Solar
Pressure,
Station
Locations
7599
-359
7591
05h18m54_147
State Vector,
3 Components
of Solar
Pressure
7575
-320
7568
05h19m03. s 754
State Vector,
3 Components
of Solar
Pressure,
Station
Locations
7587
-402
7577
05h19m02_441
With the recommendation of the time of closest approach and the E - 5 d orbit
solutions of SPODP and DPODP, the following orbit solution was recommended
by the Orbit Determination Group to the MM'69 Project at E - 61 hours:
R = - 339 km
T = 7560 km
t = 05hl 9m05 s
ca
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A problem that occurred during early encounter operations was the
change of phase from heliocentric phase to target center (aerocentric) phase.
During this change of phase the data appeared to be noisy and biased. Orbits
were computed ignoring the data obtained during change of phase. However,
the confidence on the long-data-arc orbit solutions were somewhat lessened.
Therefore, after this time, efforts by the SPODP were concentrated on the
short-data-arc which has a data span with an epoch located after the change of
phase.
At approximately I day before encounter, the following short-data-
arc orbit solutions were computed:
Orbit 3 Post 106 3 Post 109 3 Post 105 3 Post 107
Data Used Doppler Doppler Doppler and Range Doppler and Range
Parameters
Estimated
13, km
B. _, km
B • T, km
t
ca
State Vector
7482
-373
7473
05hi 9rnl 3s381
State Vector
Station Locations
7497
-404
7487
05hl 9rnl 2.s131
State Vector
7598
-429
7586
05h19m01_688
State Vector
Station Locations
7613
-398
7602
05h19m03_396
The short-data-arc orbit solutions computed using doppler and range
data agreed quite well with long-data-arc solutions. However, the orbit solutions
computed with doppler data only were about I00 km in B • • from the long-data-
arc solutions and these solutions were still moving toward the long-data-arc
solutions.
At approximately E - 3h, the SPODP and DPODP short-data-arc
orbit solutions were:
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Orbit SPODP SPODP DPODP DPODP
Data Used Doppler Doppler Doppler Doppler and Range
Parameters
Estimated
B. R, km
B. T-, km
t
ca
State Vector
Mass Ratio
of Mars to
Sun
- 364
7463
05hl 9m09.s476
State Vector
Mass Ratio of
Mars to Sun
Station Locations
-371
7585
05hl 9m07.s 272
State Vector
Gravitational
Constant of
Mars
-385
7475
05hi 9m08.s81
State Vector
Gravitational
Constant of
Mars
-298
7579
05hl 9m06.s 30
The DPODP orbit solution computed using ionospheric correlations
to the tracking data was:
13 • R = -387 kin, g • T = 7615 kin, t = 05h19m06.s2
ca
From the above inputs (the short data arc and long data arc orbit solutions) the
Orbit Determination Group recommended the following orbit to the MM'69
project for the final spacecraft platform update:
• R : -380 kin, B T = 7580 kin, t : 05h19m06 s
ca
The one sigma dispersion ellipse associated with this orbit was i00 km by 40 km
with the semi-major axis approximately parallel to the R-axis in the B-plane.
The recommended solution was used as input to the Pegasis Program
and when the platform clock angle was rounded off to an achievable value the
orbit that was actually used for the final platform update was as follows:
R : -350 kin, B T = 7560 kin, t : 05h19m05 s
ca
The numerical results of the encounter orbit computations are
presented in Table 2-19. Figure 2-28 shows the B-plane estimates of the orbits
computed during encounter. Figure 2-29 shows the time of closest approach of
the encounter orbits.
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Figure 2-28. Mariner VI Encounter Orbits
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Analysis -- J. W. Zielenbach
1) Time of Closest Approach (t )
ca
The plan recommended an orbit based on doppler and range
data. For safety's sake, if there were any suspicious behavior
when all the ranging were included the prediction would be
based on an orbit with one point, or at most one pass of rang-
ing, taken as close to E - 61 hr as possible.
The t portion of Figure 2-30 shows that for at least 3 weeks
ca
before encounter, the DPODP long arc predictions based on
Doppler and ranging vary less than 2 sec from the final post
flight value. If one excludes the multi-pass range solutions
after July Z5, there is less than 0. 5 sec variation from the
final value in the predicted time of closest approach. The
long arc predictions based on Doppler alone, obtained only for
comparison, were consistently from 5 to II sec too late.
The short arc portion of the graph shows the 15 sec discordance
between the Doppler-only and Doppler-and-range predictions
at E - 64 hr. The solutions converge thereafter, but not
sufficiently to be of use for controlling the shuttering sequence
at E - 61 hr. It is interesting to note that even with ranging,
the solution at E - 64 hr was 6 sec off.
The behavior after July 25 will be explained below.
Based on the data plotted before July 25, and the single rang-
ing pass solution, the DPODP group recommended a closest
approach time of 05h19m05.s4 at E - 61 hr.
2) B-plane Parameters
The plans called for a comparison of long and short arc runs
using Doppler by itself and Doppler with ranging. Figure 30
displays the DPODP solutions considered for the inflight
prediction of B-plane positions.
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Long Arc Results
The long arc solutions using Doppler-only vs Doppler and
range differ by no more than 100 km in B P_ and 50 km in
B • T for at least 6 weeks before encounter. All solutions
were within 70 km of the final value in B • R and 40 km in
B • T throughout the same period. The last long arc Doppler
only solution (at E - 7 hr), was in error by only 5 km in
B R and 35 km in B • T. The final solution with ranging
(at E - 7 hr) erred by 45 km in B" IK and 20 km in B • T.
The largest difference between the long arc solutions using
the two data sets occurred during the last 5 days before
encounter. The solutions with ranging took the larger excur-
sions from the true values. This was due to an inaccurate
computation of the trajectory which resulted from an inappro-
priate choice of parameters input to the automatic stepsize
control for the numerical integrator. The truncation error
rose from less than l m to over 50 m between July 17 and
July 27. Because the effective weight of each ranging pass
was comparable to that of a single point with a standard
deviation of 2 m, and there was ranging before and after this
error appeared, an inconsistency developed between the
numerical model and the physical universe. The error finally
affected the Doppler-only solutions about E - 2 days. By this
time the accumulated range error had increased to more than
100 m.
During this period a solution was made using a single ranging
pass, marked as a square [] . This was the conservative
approach recommended for incorporating ranging and achieved
the full benefit of the ranging without any desirable side
effects.
Short Arc Results
The DPODP short arc solutions were all within 80 km of the
final value in B • R and 150 km in B • T. The final solution
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without ranging erred by 80 km in B • R and 60 km in B • T.
The final doppler and ranging prediction (]£ - 7 hr) was in
error by 25 km in B • R and 10 km in B • T. It is interesting
to note that the short arc doppler only B • T solution changed
more than 70 km in the period between I£ - 7 hr and E - 4 hr.
(The final doppler solution plotted solved for station locations.)
On the basis of the long and short-arc-solutions discussed
here, a preliminary prediction of B • R = -340 km and
• T = 7600 km was prepared.
Recommended Values
The plans allowed freedom in use of results on ionospheric
calibrations. All the evidence available up to 1£ - 4 hr indi-
cated that the probable effect of neglecting the ionosphere was
an estimate 60 km too high (positive) in _ • _. Engineering
judgment was applied to this figure after reexamination of the
trends in Figure 2- 30 and the final recommendation became:
• R = - 380 km
B • T = 7580 km
t = 05hl 9m06 s
ca
d. Mariner VI Postflight Orbit Determination Analysis -- S K Wong,
S. J. Reinbold
• Introduction
The purpose of this subsection is to present the best estimate of the
Mariner VI Flight Path and other significant results obtained from analysis of
the DSS tracking data. The analysis verified that premidcourse and encounter
inflight orbit solutions were within the Mariner Project orbit determination
accuracy requirements. For the postflight orbital computations and analysis,
only two-way doppler and planetary range data were used. The Double Precision
Orbit Determination Program was the principle analysis tool used for this post-
flight orbit determination study.
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The tracking data was divided into four logical blocks:
I) Premidcourse maneuver data was taken between transfer
orbit injection and attitude maneuver prior to midcourse
thrust.
2) Pre-unlatch data was taken between the midcourse maneuver
and the unlatching of the scan platform.
3) Post-unlatch data was taken between the unlatching of the
platform and the attempted Magellanic Cloud acquisition.
4) Encounter data was taken from encounter minus 5 days to
encounter plus 5 days.
All the known bad data points were removed by the Orbit Data
Generator Program (ODG) before the start of the postflight analysis. The post-
flight solution differs from the inflight DPODP solutions in the following manner:
1) The tracking data in the early portion of the Mariner '69 mis-
sion was processed through the Single Precision ODG;
whereas in postflight these data were processed through the
Double Precision ODG.
2) In postflight a nominal value for GB':: of 0.31925 was input in
the pre-midcourse and pre-unlatch phases of orbit computa-
tions. A value of 0.310 was input as a nominal value for G B
in the post-unlatch and encounter phases of orbit solutions.
The nominal value used for inflight solutions was 0.34423.
This is significant because the premidcourse and pre-unlatch
phase data have very little information on the value of G B.
Therefore the actual G B value that was used in orbit computa-
tion was very close to the nominal input value. The G B values
of 0.31925 and 0.310 were obtained from the inflight results
from the data which have information on G B.
3) In postflight the orbit analysis can be more detailed than the
analysis performed inflight.
G B is the solar reflectivity coefficient along the Sun to spacecraft direction.
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In the postflight studies a number of solutions from each phase
were examined. Solutions estimated different sets of parameters and used
different combinations of apriori for the estimated parameters. The solution
that showed the best data fit was declared the current best estimate of the orbit
for that phase and this solution is presented in the following sections for each
phase of the n_ission.
• Premidcourse Maneuver Orbit Estimate
The inflight midcourse orbit (NOMA 2XK) which was used for
midcourse maneuver computation estimated only the state vector. Examining
the observed minus computed (O - C) residual plots of the NOMA 2XK solution,
the data fit indicated that some small perturbation probably was not accounted
for. It was suspected that the perturbation was due to an acceleration caused
by the solar pressure on the high gain antenna. The current best estimate of
the premidcourse orbit was computed postflight using only two-way doppler
data. This solution estimated the state vector, the three components of solar
pressure, the gravitational constant of the Earth, and station location parameters.
This solution showed a significant improvement in data fit and when it was
mapped to target, it indicated the following results:
B = i3558.5 km
Y3 • R = -13088.7 km
g • T = 3538.4 km
t = July 31 04h41m50.s327
ca
The current best estimate of the premidcourse orbit solution is
given in Table 2-20. The B-plane estimates of the two solutions and the differ-
ence between the solutions are given in Table 2-21.
• Pre-Unlatch Orbit Estimates
The inflight results indicated inconsistent B-plane estimates between
orbit solutions computed using doppler data only and the solutions computed
using doppler and range data. The range data included Mark 1A ranging and
planetary ranging data. The difference in B • T between the two solutions was
approximately 200 l_m. The current best estimate of the pre-unlatch orbit was
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Table 2- 20. Mariner VIPre-midcourse Parameter Solution
Parameters
X{km)
Y(km)
Z (km)
DX(km/sec)
DY(km/sec)
DZ(km/sec)
GR
GX
GY
GM Earth
(kin3/sec 2 )
DSS 41
Rs(km)
Mdeg)
DSS 51
Rs(km)
k(de g)
DSS 12
R (kin)
S
k Meg)
A priori
Value
-61251.33398
-96329.52441
-I06262. 1455
-i.186937898
-2.758124083
-2.690982878
1.31925
0
0
398601.20
A priori
Statistics,
lo-
i0000. 0
I0000. 0
i0000. 0
1.0
1.0
1.0
0.03
0.05
O. O5
1.0
CBE
-61251.76268
-96329.69280
-106262.5245
-1.186940970
-2.758119643
-2.690982230
1.319887900
-0.048173428
-0.035089870
398601.4350
CBE
Statistics,
io-
0.649883
0.735315
0.720146
0.654348
0.547100
0.508885
0.029988
0.034347
0.042086
0.98315
545O. 1986O
136.887507
5742.9417
27.685432
5212.0535
243.194559
0.008
0.00010
O. OO8
0.00010
O. O08
0.00010
5450.201991
136.887532
5742.93953
27.6854219
5212.052368
243.194543
0.006383
0.0000661
0.006544
0.0000670
O. OO7759
0.0000721
xl0 -5
-5
xl0
-5
xl0
Table 2-21. Mariner VIPre-rnidcourse B-plane Estimates
Inflight Solution
(Solution used for
Maneuver computation)
Current Best Solution
(Postflight)
AInflight- CBE
B
km
13407. 0
13558.5
-151.5
B • R
kn_
- 12909. I
-13088.7
179.6
T
km
3619.95
3538.4
81.55
tca
(July 31,
1969, GMT)
04h40m14 s.379
04h41m50 s. 327
-95.948.sec
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computed using doppler and planetary range data. This solution estimated the
state vector, the three components of solar pressure, and station location
parameters. When it was mapped to target, it indicated the following results:
B = 7745.2 km
B • R = -436. 34 km
13 • T = 7732. 90 km
t = July 31 05h19m08s683
ca
The postflight doppler only solution agreed extremely well with the current best
solution. The apriori input values and 10r statistics are given in Table 2-22
along with the current best estimate of pre-unlatch orbit solution.
• Evaluation of Midcourse Maneuver Based on DSIF Tracking Data
The evaluation of lhe midcourse maneuver based on DSIF tracking
data was done by taking the current best estimate of tile premidcourse orbit
and mapping the state vector of this orbit to an epoch jusl after the midcourse
maneuver. This mapped forward state vector was subtracted from the state
vector of the current best estimate of the pre-unlatch orbit at the same epoch.
The results of this comparison are given in the following table:
OD Estimate ':"
Commanded Maneuver':'*
Maneuver Error".'".:':"
DX
m/sec
-0.57138
-0.54048
+0.03090
ADY
rn/sec
+2.3647
+2.3053
-0.0594
ADZ
m/sec
-1.9969
-1.9507
+0.0462
AV
m/s ec
3.1474
3. O679
-0.0813
::'OD Estimate -- Current best pre-unlatch estimate minus current best
premaneuver estimate mapped to the pre-unlatch epoch.
':-":-'Commanded Maneuver : Midcourse velocity increment computed by
the Manuever Group based on NOMA 2XK orbit.
'::'::':-'Maneuver Error = Commanded maneuver minus OD estimates.
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Table 2-22. Mariner VI Pre-Unlatch Parameter Solution
Parameters
x (kn9
Y (km)
Z (km)
DX (km/sec)
DY (km/sec)
DZ {km/sec)
GR
GX
GY
DSS 4 1
R s (k m)
X(deg)
DSS 5 1
R (km)
8
k(deg)
DSS 1 2
R s(km)
k(deg)
DSS 14
Rslkm)
_.(deg)
A priori
Value
-376348.8164
-856430.8672
-840356.9531
-0.97336Z1627
-Z.3654279113
-2.283865690
I. 319250
0
0
5450.19860
136.887507
5742.94170
Z7.68543Z
5212.0535
Z43.194559
5Z03.99890
Z43.110513
A priori
Statistics,
i, 000.0
I, 000.0
I, 000.0
0. 001
0. 001
0.001
0.03
0.05
O. O5
0.010
0.00010
0.010
0.00010
0.010
0.00010
0.010
0.00010
CBE
-376359.5533
-856459.3172
-840384.1263
-0.973360595
-Z.365423033
-2.283870054
1.31886173
-0.03734427
-0.02867134
5450.20424
136.887537
5742.93961
Z7.68542321
5212.0499
243.194538
5203.9989
Z43.110513
CBE
Statistics,
2.2768
1.5900
1.6519
0.10383 x 10 -4
0.697065 x 10 -5
0.6Z3579 x 10 -5
0.0Z984
O.O31603
0.04039Z
0.OO7O93
0.0000624
0.007373
0.00006Z4
0.008753
0.0000644
0.009999
0.0000999
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The effect of these errors when mapped to the target may be seen
in the following table:
Overall Error;:"
OD Error;','- _:-"
Maneuve r EF ror*;,"""
AB • R, km
207
-180
387
AB • T, km
281
-82
363
&t , sec
ca
79
96
-17
*Overall Errors - Current best estimate of pre-unlatch orbit minus
maneuver aiming point.
_':_*OD Errors - Current best premaneuver estimate minus orbit used for
maneuver computation.
***Manuever Errors - Overall errors minus OD errors.
The evaluation of midcourse maneuver was performed assuming
that the current best estimate of the spacecraft orbit is exact.
• Post-Unlatch Orbit Estimates
The inflight results indicated that this phase required a much longer
time for the orbit to converge. An explanation for this is the placement of the
epoch and the lack of continuous tracking data near epoch. Another cause for
the orbit convergence problem at this time is that the SPODP did not have the
capability to estimate the solar reflectivity coefficients which were not along
the Sun-spacecraft direction until some time later inflight. To demonstrate
the orbit convergence problem the inflight post-unlatch orbits with five days,
18 days, and 43 days of intermittent tracking data are given below:
Inflight Post-Unlatch Solution
Days of Intermittent
Tracking Data
5 days
18 days
43 days
-348
-344
-377
m
B • T
kn_
8340
8022
7598
t
ca
(July 31, 1969, GMT)
05h16m27_106
05h17m05_492
05h17m46_390
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The above solution estimated only the state vector and were computed using
doppler data only.
To show the effect of the solar reflectivity coefficients on orbit
computation, post-unlatch orbits were computed with 5 days, 10 days, 15 days
and 20 days of intermittent tracking data in postflight. The solutions estimated
the state vector, solar reflectivity coefficients, gravitational constant of the
Moon, and station location parameters, The solutions are given below:
Postflight Post-Unlatch Solution
Days of Intermittent
Tracking Data
5 days
1 0 days
1 5 days
2 0 days
B
km
7648.23
7646.18
756O.66
7576.89
B • R
km
-379.44
-372.42
-434.66
-434.56
• T
km
7638.81
7637.11
7548.16
7564.42
t
ca
(July 31,
1969, GMT)
05h18m05_145
05h18m25_933
05h19m06_140
05h19m04_472
The orbit solutions with 5 days and 10 days of intermittent tracking data are
computed using doppler data only because no planetary ranging data was obtained
prior to this time in the post-unlatch phase. The other two solutions are com-
puted using doppler and planetary ranging data.
Comparing the inflight and postflight solutions, the effect of the
solar reflectivity coefficients is obvious.
The current best estimate of the post-unlatch orbit was computed
using doppler and planetary ranging data. This solution estimated the state
vector, solar reflectivity coefficients, gravitational constant of the Moon, and
station location parameters. The solution indicated the following B-plane
estimates.
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B = 7638.27 km
• R = -437.48 km
• T = 7625.73 km
t = July 31 05h19m02_316
ca
The apriori input values and l_ statistics are given in Table 2-23 along with
the current best estimate of the post-unlatch orbit solution.
• An Evaluation of the Mariner VI Platform Unlatch
The current best estimate of the pre-unlatch and post-unlatch orbits
were used to evaluate the change in velocity due to the unlatch. The state vector
from the current best pre-unlatch orbit was mapped to the post-unlatch epoch
and compared with the best estimate of _he state vector obtained from the post-
unlatch orbit at the same epoch. The velocity change is given below:
ADX = +0.0076 m/sec
ADY = -0.0071
ADZ = +0.0010
AV = 0. 01045
It should be pointed out that
ponent of the' spacecraft are
m/sec
YI3/S ec
m/sec
the uncertainties associated with the velocity corn-
nearly as large as the differences presented above.
The amount that the orbit was perturbed due to the platform unlatch
can be obtained by differencing the B-plane estimates of the current best pre-
unlatch and post-unlatch orbits.
A
AB = -106.93 km
AB • R = -1. 14 km
Ai_ • T = -107.17 km
At = -6. 352 sec
ca
= the current best post-unlatch orbit minus current best pre-unlatch orbit.
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Table 2-23. Mariner VI Post-Unlatch Parameter Solutions
Parameters
X(km)
¥ (kin)
Z(km)
DX (km/sec)
DY (km/sec)
DZ {km/sec)
GK
GX
GY
G M/MARS
(kin3/sec 2 )
DSS 4 1
Rs(km)
X(deg)
DSS 5 1
R s (km}
k(deg)
DSS 62
R (km)
S
_.(de f{)
DSS 1Z
Rs(km)
k(deg)
DSS 14
Rs(km)
k{deg)
A priori
Value
-853027.2422
-2024180.4844
-1966943.6406
-0.9346082285
-2.30250093341
-2.2211188376
1.3100
0.0
0.0
4902.8200
5450. 19860
136.887507
5742.94170
27.685432
4860.81760
355.63220
5212.05350
243.194559
5203.99890
243.110513
A priori
Statistic s
1000.0
i000.0
I000.0
0.001
0.001
0.001
0.03
0.05
0.05
1.0
0.008
0.00010
0.008
0.00010
O.OO8
0.00010
0.008
0.00010
0.008
0.00010
CBE
-853030.1628
-Z024177.7788
-1966944.6301
-0.934613735298
-Z.30249721581
-Z.2211201540
1.313549
-0.03151718
-0.02559797
4902.79381
5450.20269
136.88747266
5742.93792
27.6853598
486O. 81723
355.6321799
5212.05464
243.1945249
5203.99890
243,1104901
CBE
Statistics,
4.6395
3.1833
3.2970
-50.4972 x 10
0.4365 x lO -5
0.4586 x 10 -5
0.012879
0.018787
O.022983
0.03779
0.005120
0.00004585
0.005521
0.00004704
0. 007874
0. 00007047
0.006992
0.00005441
0.007906
0.00007813
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Encounter Orbit Estimates
At approximately 3 hr before encounter the Orbit Determination
the finalGroup recommended the following orbit to the MM'69 project for
scan platform update:
B • R = -380 km
• T = 7580 km
t 05hl 9m06 s= on July 31, 1969
ca
The one-sigma dispersion ellipse associated with this orbit was
100 km by 40 km with the semi-major axis approximately parallel to the R-axis
in the B-plane. The recommended solution was used as input to the Pegasis
Program and wheri the platform clock angle was rounded off to an achievable
value, the orbit that was actually used for the final platform update was as
follows :
on July 31, 1969
B • R = -350 km
• T = 7560 km
t = 05hl 9m05 s
ca
In post-flight the encounter orbit solutions were computed using data
spans of IE - 5 days to E - 45 min and E - 5 days to E + 5 days. A current best
estimate of encounter orbit is given for each of the above data spans. For the
data span from E - 5 days to E - 45 rain, the current best estimate of the pre-
encounter orbit was computed using doppler and planetary range data. This
solution estimated the state vector, the gravitational constant of Mars, and
station location parameters. This solution indicated the following B-plane
7603.81 km
-335.63 km
7596.40 km
05hl 9m06.s430 on July 31, 1969
parameters :
B =
t =
ca
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The reason for taking data up to E - 45 min is that the IRS gas venting started
at that time. The a priori input values and 10-statistics are given in Table 2-24
along with the current best estimate of the pre-encounter orbit solution.
For the data span from E - 5 days to E + 5 days, the current best
estimate of the encounter orbit was computed using doppler and planetary range
data. This solution estimated the state vector, the gravitational constant of
Mars, and station location parameters. When it was mapped to target it indi-
cated the following results:
B = 7610.25 km
• R = -327.01 km
° T = 7603.23 km
05hl9m07.Sl0Z on July 31
ca
The data residuals (observed minus computed) indicate that all orbit solutions
computed using pre- and postencounter data do not have good data fits. This
is because the IRS gas venting caused some non-gravitational perturbation.
These data will be examined again at a later date. However, this solution will
still be our current best estimate of the encounter orbit. The three-sigma dis-
persion ellipse associated with this orbit was 15 km by 10 km with the semi-
major axis approximately parallel to the R-axis in the B-plane.
To evaluate the accuracy of the encounter orbit that was recommended
to the MM'69 Project at E - 3 hr, the B-plane estimate of the recommended
orbit was subtracted from the current best estimate of the encounter orbit. The
differences are presented below:
AB • P_ = 53 km
m
AB • T = 23 km
&t = 1. 1 sec
ca
This indicates that our recommended orbit was in error by 53 km in B • R,
23 km in B • T and 1. 1 sec in the time of closest approach.
The orbit used for the final platform update was in error by 23 km
in B • R, 43 km in B • T and 2. 1 sec in the time of closest approach.
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Table 2-24. Mariner VI Encounter Parameter Solutions
Parameter s
X (kin)
Y(km)
Z (km)
DX(km/sec)
DY (km/sec)
DZ(km/sec)
GM/MARS
(krn3/sec 2 )
DSS 41
R (kin)
S
k(deg)
DSS 5 ]
R (kin)
S
k(deg)
DSS 6Z
R (kin)
S
k(deg)
DSS 12
R (km)
S
k(deg)
DSS 14
R (kin)
S
k(deg)
A priori
Value
-40567115.000
-70320687.000
-36815322.000
-0.74423141777
-15.1647220135
-6.2199977636
42828.44390
545O. 1986O
136.8875070
5742.94170
27.6854320
4860.81760
355.632200
5212.05350
243.1945590
5203.99890
243.1105130
A priori
Statistic s
1 000.0
1 000. 0
1 000. 0
0 001
0 001
0 001
2 0
0. 008
0. 00010
0. 008
0. 00010
O. OO8
0.00010
0.008
0.00010
0.008
0.00010
CBE
-40567052.1089
-70320620.7348
-36815523.2881
-0.7443833898
-15.1616194820
-6.2195392604
42828.42294
5450.200797
136.887493666
5742.941223
27.685410883
4860.816231
355.63218806
5212.051686
243.19453860
5203.996480
243, ii049882
CBE
Statistics,
32.5735
59.9250
150.1590
0.7314 x 10 -4
0.1343 x 10 -3
0.3369 x 10 -3
1.2328
0.003753
0.00004467
0.005963
0.00006271
0.005503
0.00005141
0.005293
0.00005037
0.005872
0.00005275
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Mariner VI Inflight and Postflight':" Solutions for Physical Constants
and Station Locations
Solar Radiation Pressure
The high gain antenna is located on the front of the spacecraft
facing the Sun. The orientation of the antenna boresight is at a
clock angle of 268. 9 deg and a cone angle of 41. Ideg Ithas a circular
parabolic reflector with a diameter of 40 in. (see Figure 2-31). Due
to the orientation of this parabolic reflector, there were added
solar pressure effects in directions other than the direction along
the Sun- spacecraft line.
During pre-midcourse and the early portion of cruise phase, the
perturbative spacecraft acceleration resulting from solar radiation
pressure was modeled by (In SPODP)
Aii KA (1 + c B)
- MR 2
where
R is the probe-Sun distance, in km.
K = 1.0088 x 108, a solar radiation constant.
2
A is the spacecraft effective area normal to R, nominally 8.99079m .
Mis the spacecraft mass, nominally 384.07915 kg.
G B is the reflectivity coefficient of the spacecraft along the Sun-
spacecraft line, nominally 0. 34423.
Approximately two months after midcourse maneuver the solar
radiation pressure model was expanded to
- KA
MR2
The inflight solutions in this subsection are computed using SPODP and the
postflight solutions are computed using DPODP.
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GAIN
ANTENNA
GAIN (CONE 41.1 °
ANTENNA CLOCK 268.9 ° )
SOLAR
PANEL
._0 ° CONE
I 0 °
+Y _''r_'_'J4_°v'A_'1"_''_'_'''_" +X CLOCK (CANOPUS)
+Z
Figure 2-31. Mariner Mars '69 Spacecraft Configuration
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where
G T and G N are solar reflectivity coefficients in directions defined
by unit vectors T and N.
R is a unit vector directed out from Sun to spacecraft.
T is a unit vector corresponding to the spacecraft + X direction
(pitch axis ).
N is a unit vector corresponding to the spacecraft + Y direction
(yaw axis ).
The least squares estimates were made of the solar reflectivity
coefficients in the pre-midcourse phase, the post-n_idcourse to unlatch phase,
the unlatch to Magellanic Cloud acquisition phase and the Magellanic Cloud
acquisition to encounter phase. For each phase, the solar reflectivity coeffi-
cients were estimated using a data span from the beginning of that phase to
sometime later within the same phase. The time history of these solutions are
shown in Figures 2-32, 2-33 and 2-34. These figures show the estimated reflec-
tivity coefficient vs the time of last data point of the solutions. All three solutions
indicate a trend toward lower pressure with increasing time. The observed
change in G B is on the order of 0.025 between the pre-midcourse solution and
late cruise solution. The observed change was over a period of 5 months. The
physical interpretation of this decrease in solar pressure could be that an actual
degradation of the total reflectance of the spacecraft and a decrease in specu-
larity of the solar panels took place during cruise. The temperature monitoring
of solar panels showed an increase of approximately 2% which indicates that
the reflectance of the solar panel had decreased. The decrease in reflectance
and in specularity of the solar panel can easily account for the 2% change
observed in the radial solar pressure.
Assuming that the high gain antenna is the only source contributing solar
radiation force in a direction other than the Sun-spacecraft direction, then
G M = AM/A, where A M is the effective area normal to M, A is the spacecraft
effective area normal to R and G M is the reflectivity coefficient in direction
defined by the unit vector M (defined in the following diagram).
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With A M equal to 1160.2 in.2':"and A equal to 16908 in.2, G M is computed to be
0.0686. Therefore G T and G N can be calculated by the following equations:
G T = -G M cos 46.6 = -0.0686 x 0.687 = -0.0471
G N = -G M sin 46.6 = -0.0686 x 0.727 = -0.0499
The least squares estimates of the magnitude of G N and G T compu-
ted inflight were smaller than those values computed above. The reason may
be that some solar radiation force from other surfaces partially offset the solar
pressure contributed by the high gain antenna.
Figures 2-32, 2-33, and 2-34 indicate a fast down trend of solar
pressure between solutions with data ending at June 2nd and solutions with data
These numbers were obtained from an IOM by J.
15 January 1969.
W. Stuart, Jr. dated
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ending at July 171h. This is not due to a change in solar pressure, but indicates
that the data at that time have very little information on the solar pressure to
be able to change the nominal input values which were zeros for GN and GT and
0. 344 for GB. As more data were used in the orbit solution, the solar reflec-
tivity coefficient gradually moved toward the actual value. The estimation of
the solar pressure is complicated by the fact that much of the Iracking data
taken during cruise were in Z-3 hr blocks and limited an_ounts of tracking data
were taken.
In summary, the G B estimates obtained inflight were from 0. 317
near midcourse to 0.297 near encounter. The G N estimates obtained were
from -0. 022 at 1 May to -0. 030 near-encounter. The G T estimates computed
were from -0.040 at 1 May to -0.023 near encounter.
The least squares estimate of Gx(GT)* and Gy(G N) were computed
in post-flight for the premidcourse, pre-unlatch and post-unlatch phases and
the following results were obtained:
GR(G B)
Gx(G T)
Gy(G N)
Premidcourse Pre- Unlatch Post- Unlatch
0.31989
-0.04817
-0.03509
0.31886
-0..03734
-0.02867
0.31355
-0.03152
-0.02560
The post-flight results agree quite well with the in-flight results; the observed
change in G B in post-flight was slightly less than the change observed in-flight.
Figures 2-32, 2-33 and 2-34 show the time history of the post-flight solutions
along with the in-flight solutions.
• The Mass of Mars
The post-flight Mariner VI solution is
GMMARS = 42828.42 ±1.2 km3/sec
':_The postflight solutions are computed using DPODP. The symbols for solar
reflectivity coefficients in DPODP are GR, GX, Gy and these are equivalent
to GB, GT and G N in SPODP.
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This solution, which corresponds to a sun-Mars mass ratio of 3, 098, 702 +80,
along with the Mariner VI inflight _olution, Mariner IV solution, and previous
astronomical determination are given in Table 2-25. This solution is based on
an AU value of 149, 597,893 km.
The Gravitational Constant of the Moon.
The lunar gravitational constant estimate for Mariner VI is given in
Table 2-38 along with the solutions from Mariner VII and previous missions.
The table indicates that the GM_ solutions from the lunar missions are lower
than the solutions from the interplanetary missions. This is due to the fact that
in lunar missions, the GM( estimate was obtained by measuring the effect of
the lunar gravity field on the probe acceleration and in the interplanetary mis-
sions, the GM( estimate was obtained by measuring the barycentric motion of
the tracking stations over the long cruise interval; therefore, in reality, the
results are a determination of the earth-moon mass ratio, assuming a known
value of earth-moon distance. The GM( estimate for Mariner II was 4902. 8442
km3/sec 2 based on the earth gravitational constant, GM_9 = 398601. 27 kin3/
2 -1
sec , yielding an earth/moon mass ratio bt = 81. 3000 +0. 0011. Based on
the same earth gravitational constant as in Mariner II, Mariner IV obtained
-1
bt = 81. 30147 +0. 0016 from GM_ = 4902. 756 it}. 1 km3/sec 2. The Mariner V
realtime cruise solutions for GM¢ range from 4902. 68 km3/sec 2 to 4902. 86
km3/sec 2. The representative value of the Mariner V real time GM( was
2
4902. 77 km3/sec All Mariner V solutions assumed a GM@ value of
2 -1
398601. 33 km3/sec , the corresponding real time estimate of bt is 81. 30125
+0. 00166. The Mariner V post flight processing yields GM¢ = 4902. 81 +0. 5
-1
km3/sec 2 and bt = 81. 30059 +0. 00083. The real time GM( estimate for
Mariner VI is 4902. 8205 +0. 023 km3/sec 2 Based on the GM@ value of
- 1 .
398601. 20, the corresponding real time estimate of K is 81. 30039 +0. 0001.
This value agrees extremely well with the Mariner II and the Mariner V post-
flight processing solution.
The post-flight Mariner VI solution is:
GM = 4902. 794 :tO.04 km3/sec-
(
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Table 2-25. Estimates of the sun-Mars Mass Ratio
Source
De Sitter, 1938
weighted mean
(Ref. 19)
Van Den
Bosch, 1927
Martian Satellites
(Ref. 20)
MIT 1967
RADAR AND OPTICAL
OBSERVATION OF
PLANETS (Ref. 21)
JPL 1965
Mariner IV (Ref. 22)
JPL 1969
Mariner VI (In-flight)
JPL 1969
Mariner VI (Post-flight)
Sun-Mars Mass Ratio
3, 085,000 ±6700
3,088,000 ±6700
3,111,000 ±9000
3, 098,708 4-9
3,0q8,697 ±80
3, 098,702 4-80
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Since the value GM O = 398, 60t. 20 was used for the GM{
earth-moon mass ratio may be computed as:
solution, the
-1
= 81. 30083 ±0. 00067
The Gravitational Constant of earth
The In-flight Mariner VI solution was
= 398,601. 67 ±0. 97 km3/sec 2GM I.
The post-flight Mariner VI solution is
= 398,601.435 ±0.983 km3/sec 2
These values are consistent with the GMQ estimates obtained inflight
and in previous missions as given in Table 2-38.
Station Locations*
The least square estimates of station locations based on pre-
midcourse maneuver phase, cruise phase, and encounter phase tracking data
are presented in Figures 2-35 through 2-46 in a natural coordinate system (r s,
X, z) where r is the distance off the spin axis (in the station meridian), k is
s
the longitude and z is along the earth spin axis. The a priori standard devia-
tions for spin axis distance r and longitude kare given in Table 2-26. The
estimates were reduced to the mean pole of 1903 and plotted by N. Mottinger
of JPL. In general, the numerical results indicate that the r and k solutions
s
are consistent to ±3m with the exception of the station location change that
occurred at orbit 3P10. This will be explained later. Some small variations
of r and k can be expected due to the following conditions: (1) a change in the
S
estimated parameters list, (2) a change in the time polynomials which were
*Station locations had been determined as accurately as possible by reprocessing
data from previous missions (see section II.A. 2. b. }. These solutions were
made so that consistency could be checked, and so that any unmodeled effects
could be absorbed, if present, as equivalent station location errors.
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Table 2-26. Information Relating to the Computation of Station Locations
Orbits Data Span Estimated h Station Location T Poly ELMIN c Data Wt of
Parameters A priori 2 Way Doppler
rs : 8m ffk = 10m
LAXC
2P 14
3P3
3P4
3P6
3PI0
3P13
3P 14 a
3P 19
3P20 a
3P28
3P29 a
3P33
3P34 a
3P44 a
3P52
3P94 a
3P95
3102
3104 a
3107 a
3108 a
Eric 2
Enc 3 a
E 15
E 16 a
E 28
E 32
2/25 10100-2/28 20:37
3/06 20:00-3/12 17145
5/04 00:00-6/02 02:16
5/04 00:00-6/09 03:40
5/04 00:00-6/16 22101
5/04 00:00-6/30 07:53
5/04 00:00-7/07 14:12
5/04 00:00-7/07 14112
5/04 00100-7/14 07:49
5/04 00100-7/14 97:49
5/04 00:00-7/17 16:19
5/04 00:00-7/17 16:19
7/01 05:00-7/21 04:50
7/01 05100-7/21 04:50
7/17 09:00-7/23 16:00
7/01 05:00-7/26 06121
7/26 02:00-7/29 17150
7/26 02:00-7/29 17150
7/26 02:00-7/29 21144
7/26 02:00-7/29 21144
7/26 02:00-7/30 01106
7/26 02:00-7/30 01:06
7/26 02:00-7/30 15:17
7/26 02:00-7/30 15117
7/26 02:00-7/30 18109
7/26 02:00-7/30 18109
7/26 02100-7/31 01105
7/26 02:00-7/30 23:44
Set 1
Set 1
Set 2
Set 2
Set 2
Set 1
Set 2
Set 2
Set 3
Set 3
Set 3
Set 2
Set I
Set I
Set 1
Set 1
Set 1
Set 1
Set 1
Set l
Set 1
Set 4
Set 4
Set 4
Set 4
Set 4
Set 4
Set 4
r s : 8rn _7k : 10m
r s : 20 ffk = 25m
r s = 20 ffk = 25 m
#1
#1
#1
#z
#1
#3
#3
#3
#3
#3
#3
#3
#3
#3
#4
#5
#6
#6
#7
#7
#7
#7
#7
#7
#7
#7
#7
#7
10'
10"
10"
10"
10"
10"
15"
15"
15"
15-
15"
15"
15"
15-
15"
15"
15"
15"
15"
15 °
15"
15"
15"
15"
15"
15"
15"
15"
5 mm/s
5 mm/s
15 mm/s
15 mm/s
15 mm/s
15 mm/s
15 mm/s
15 mm/s
15 mm/s
15 mrn/s
5 rnm/s
5 mm/s
5 rnm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
5 mm/s
aorbit Solution computed using ptanetary ranging along with 2-way doppler data.
bset 1 - State vector and station locations.
Set 2 - State vector, station locations and solar reflectivity coefficients.
Set 3 - State vector, station locations, solar reflectivity coefficients and gravitational constant of moon.
Set 4 - State vector, station locations, mass ratio of Mars to Sun.
CThe minimum elevation angle which the data were taken and still used in orbit solution.
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Figure 2-35. Geocentric Longitude, DSS 12
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produced by the TPOLY program to initialize the orbit determination program
for time handling, (3) a change in the apriori of the estimated parameters,
(4) a change in the minimum elevation of tracking data, and (5) a change in the
data weight. All the above conditions occurred inflight. Information regarding
the above changes corresponding to the orbits are given in table 2-26. The
change of data weight in orbit 3P3 was unintentional. It came about when the
new updated Mariner'69 software system was implemented on approximately
13 May 1969. The updated Mariner _69 software system included some modifi-
cation in the ODG which caused the data weight of the compressed data (600 sec
count time) to be the same data weight as the 60 sec data, when the compressed
data should have been weighted I0 times more than the 60 sec data. This data
weight change was discovered and corrected on orbits 3P28 and subsequent ones.
The nominal minimum elevation angle at which the data were taken and still
used in the orbit solution was 15 deg, however, significant amounts of data
obtained during premidcourse, pre-unlatch and early portions of the cruise phase
are below 15 deg and, therefore, 10 deg was used at these times.
A new set of station locations and timing polynomials were imple-
mented into the flight version of the SPODP just prior to orbit 3P10. The
changes in observed station locations at this point are due to the changes which
have been made in the timing and the polar motion system used by JPL_. The
changes were made in the computation of Universal Time and the determination
of pole positions. The following station longitude changes were observed when
the timing polynomials were updated:
Station Ak
DSS 41 12 meters
DSS 51 ii meters
DSS 62 12 meters
DSS 12 12 meters
No noticeable changes were observed in the station distance from the spin axis.
",-'It is well known that a timing error is equivalent to a station longitude error:
a 1 sec clock error corresponds to a station longitude error of approximately
416m.
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The post-flight Mariner VI station location solutions for
premidcourse, pre-unlatch, post-unlatch and encounter phases are given in
Table 41 in IIB 6. d along with Mariner VII and previous interplanetarymis-
sions. The station location solutions are given in r , the distance from thes
Earth spin axis andS, the Iongitude._:_ Of the four sets of station locations
(one for each phase), the set computed using encounter tracking data is prob-
ably best because the tracking data was almost continuous, and the station
tracking passes were longer than those taken during the cruise phase. In addi-
tion, the encounter tracking data has more information on station locations than
the tracking data from other phases. There are some expected differences
between the Mariner VI solutions and the solutions from other missions because
of a difference in the ephemeris used in the computation. Mariner VI solutions
used Development Ephemeris 71 and solutions of other missions used Develop-
ment Ephemeris 69.
_:-'I)oppler dala is quite sensitive to r s and X, but insensitive to z, the distance
along the spin axis (corresponding to latitude). Section II.A. 3.b points out
that range data is sensitive to z and can be used to estimate this third compo-
nent of station locations.
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6. Mariner VII Inflight Orbit Determination Analysis
a. Pre-midcourse Orbit Estimates - S. K. Wong, S.Y. Reinbold
• Introduction
The Mariner VII spacecraft was injected into its Earth-Mars
trajectory on March 27, 1969atzgh33m43s500GMT. The nominal closest
approach point was 7200 km from the center of Mars, to be reached on
August 5, 1969; however, at injection, this was deliberately biased out to
21, 131 km from the center of Mars to avoid any chance of impacting the planet.
Hence, a midcourse maneuver was planned at the outset to achieve the nominal
aiming point. This spacecraft had the capability to perform two maneuvers.
• Estimation of Spacecraft Pre-maneuver Orbit
The ETR check orbit was computed at JPL using only 14 data points
from Antigua. These fourteen data points were obtained between the Centaur
main engine cut-off and the Centaur-spacecraft separation. Therefore this
orbit was biased from the actual spacecraft orbit computed later during the
flight. This orbit indicated a B-miss of 42,047 kin.
The first estimate of the spacecraft orbit was completed at L _-2h
and was based on approximately l hour of DSS 51 angular and two-way doppler
data. When this solution was mapped forward to target, the B-plane estimates
indicated that the solution was close to the nominal pre-maneuver aiming point
(B • R = 20994 km B" T = 2402 km, t = 04h31m31.s76)andthat the cotter-
' ca
tion required to achieve the nominal post-maneuver aim point was within the
midcourse correction capability. This was verified by the second (ICEV) and
third (PREL) orbit computations completed at L + 5 h and L + llh respectively
During the second orbit computation period, the angular data was
dropped from the solutions. Since it is known that angular data are biased, the
sole purpose of using angular data is to hold the orbit until enough doppler data
is obtained to converge independently to a reasonable solution.
During the data consistency (DACO) computation period from L + 14h
to L + 27h, orbital solutions were obtained using various combinations of
DSSs 41, 51, 12 and MSFN 75 data. The solutions obtained from these computa-
tions indicated that the DSSs 41, 51 and 12 data were consistent. Ilc,wever, the
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MSFN 75 data appeared to be biased just as it was for Mariner VI. It is believed
that this bias is probably due to the inaccuracy of the surveyed station location.
The MSFN data was not used in any later orbit computations.
The nominal maneuver (NOMA) orbit computation time block started
at approximately E + 40h. The NOMA XF orbit was computed at approximately
L + 3. 5 days and the following amount of data was used:
DSS Doppler Data
41 26 hours
62 14 hours
12 8. 5 hour s
No ranging data was obtained prior to this time. The orbit estimated only the
state vector and when this solution was mapped to target, it indicated the
following results:
B = 30095 km
B • R = 29355 km
• T = -6632 km
t = 04h48m45.s623
ca
The Canopus tracker had been locked on the star Vega since
00hz4 m GMT on March 28, but atl6h45 mGMT on April l, DSS-41 transmitted a
DC 21 command which caused the spacecraft to unlock and roll until Canopus
was acquired. This spacecraft roll created some difficulties in the orbit com-
putations. The difficulties arise from the fact that non-radial components of
solar pressure force on the high gain antenna had changed direction due to the
spacecraft roll. This change in direction of the solar pressure force caused
some inconsistency between the data when the Canopus tracker was locked to the
star Vega and the data when the Canopus tracker was locked on Canopus.
Because of the inconsistency between the two data blocks, a decision had to be
made as to which data block to use to compute the orbit for maneuver calculation
or to ignore the inconsistency between the two data blocks and use all the data.
The orbit solutions for each of the data blocks and the combination of the two
data blocks are given below:
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Vega Data Block(Orbit-NOMA 2XE)
B = 30085 km
• K = 29348 km
B T = -6622 km
t
ca
= 04h48m45 s
Canopus Data Block
(Orbit- LAPM XH)
B = 30093 km
• i_ = 29297 km
• T = -6874 km
t = 04h49mz 3 s
ca
Combined Data Blocks
(Orbit- LAPM XG)
B = 30082 km
• i_ = 29309 km
• T- = -6777 km
t = 04h48m22 s
ca
The orbit solutions, given above estimated only the state vector and used only
doppler data. The SPODP did not have the capability to estimate all three
components of solar pressure. This capability was added after the maneuver of
the Mariner VII spacecraft.
The DPODPorbit solutions for the two data blocks estimated only the
state vector and were computed using only the doppler data. When the solutions
were mapped to target, they indicated the following results:
Vega Data Block
(state only)
B = 30083 km
B • R = 29327 km
5 • Y = -6701 km
t = 04h48m01 S
ca
Canopus Data Block
(state only)
B = 30100 km
B • R = 29291 km
B • T = -6931 km
t = 04h49m09 s
ca
These results agree quite closely with the SPODP orbit solutions.
When the DPODP orbit solutions for the two data blocks estimated
the 3 components of the solar pressure along with the state vector the following
results were obtained:
Vega Data Block
(State + 3G's)
B = 30085 km
B • R = 29322 km
B • T = -6723 km
t = 04h48ml 0 s
ca
Canopus Data Block
(State + 3G's)
B -- 30056 km
• N = 29260 km
B • T = -6869 km
t = 04h49ml 4 s
ca
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The DPODP orbit solutions indicated the difference between the two
data blocks were as follows:
Estimate State Only Estimate State + 3G's
&B = 17 km &13 = 29 km
&B • N = 36 km &B • R = 62 km
&B • T = 230 km &B • T = 137 km
t = 38 sec At = 64 sec
ca ca
The Canopus data block solution had the latest data on the spacecraft, but having
an epoch at approximately 5 days from injection and having only approximately
6 days of data, there were some doubts as to whether this was enough to compute
a stable, accurate orbit. When the last orbit was computed before the maneuver
using the Canopus block of data the solution was still moving very slightly
toward the less negative value in B • T.
The LAPM XG orbit solution was used for midcourse maneuver
computation. The solution was computed using doppler data from both data
blocks and estimated only the state vector. This solution is between the solu-
tions for the two data blocks.
The ranging data was not included in the final solution because an
apparent inconsistency between range and doppler had been observed. DPODP
orbit solutions on the Canopus data block were computed using doppler data only,
ranging data only, and doppler and ranging data.
three solutions is given below:
The comparison between the
Doppler Only Range Only Doppler and Range
B 30 I00 km 30688 km 30800 km
• R 29291 km 29815 fun 29922 km
• T- -6932 km -7268 km -7,302 km
t 04h49m09 s 04h48 m 39 s 04n48m47 s
ca
These solutions estimated only the state vector.
The numerical results of the premaneuver orbit computations are
presented in Table 2-27. The SMAA and SMIA of orbit LAPM XG quoted inflight
for midcourse calculation are 400 km by 400 km. Figure 2-47 shows the
13-plane estimates of the orbits computed. Figures 2-48 and 2-49 show the time
of closest approach of the premidcourse orbits.
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b. Post Midcourse Orbit Estimates -- S. K. Wong. S. J. Reinbold
• Introduction
The command to initiate the Mariner VII spacecraft maneuver was
transmitted by DSS 41 at 18h51m14 s GMT on April 8 and Canopus was reac-
quired at 21h16 m GMT. The maneuver was performed approximately 12 days
after launch.
Unlatching of the platform was preprogrammed in the central com-
puter and sequencer of Mariner VII to occur about five weeks after launch. It
was delayed because the operations team was very busy with Mariner VI due to
its Canopus tracker problem and attempts to acquire the Greater Magellanic
Cloud. The scan platform was unlatched by the ground command transmitted
at 19h18 m GMT, May 8 from DSS41. This scan platform operation slightly
perturbed the orbit of the spacecraft.
• Estimation of Spacecraft Pre-Unlatched Orbit
With about 2 days of tracking data, orbit solutions were computed
using doppler and range data. These orbits estimated only the state vector and
when these solutions were mapped to target, they showed the following results:
Orbit Post 4
(Doppler Only)
B • R = 2959 km
• T- = 6684 km
t = 05h00m59 s333
ca
Orbit Post 5
(Doppler and Range (RU))
Maneuve r Aiming
Point
B" R = 3540 km
• T- = 6409 km
t = 04h58m55.s716
ca
• R = 3440 km
B • T-= 6528 km
05ho1 m st = 09
ca
The differences between these results and the maneuver aim point
are presented below:
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A = Post4 - M.A.P. A = Post 5 - M.A.P.
AB • R : -481 km AB. R = i0 kn_
AB • T = 156 km AB • T = -119 km
At = -9. 667 sec At = -134 sec
ca ca
Once again, an apparent inconsistency was observed between
doppler and range data. With approximately 7 days of tracking data and the
solutions estimating only the state vector, the following orbits were obtained:
Doppler and Range (RU)
Doppler Only Doppler and Range (RU) and Range (PRU)
B : 7368 km 13 : 7362 kn_ B = 7345 km
B • R : 3427 km B • R : 4136 krn B • R : 3566 km
B • T = 6522 km B • T = 6094 km B • T : 6421 km
t : 04h59m54s409 t : 04h59m24s316 t = 04h59m14s. 300
ca ca ca
The range (RU) is the data from the Mark IA ranging system for near Earth track-
ing. The Range (PRU) is the data from the planetary ranging systenl for tracking
at greater distances. The doppler and range (PRU) solution was not conlputed
during inflight. This apparent inconsistency between the two data types was
also observed in the DPODP orbit solutions. The comparison is given below:
Doppler Only Doppler and Range (RU) and
(DPODP) Range (PRU) (DPODI °)
B = 7380 km B = 7324 km
• R = 3434 km B • R = 3941 km
B • T = 6532 km B • T = 6173 kn_
t = 04h59m50.s981 t : 04h59m14.s717
ca ca
The solutions estimated only the state vector and used approximately 8 days of
data.
When the scan platform was unlatched at 19h18 m GMT, May 8, the
inflight pre-unlatch orbit solution indicated the following results:
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Post 30
B = 7553 km
B- • R = 3536 km
B • T = 6674 km
t = 05h00m21.s538
ca
This solution was computed estimating the state vector, solar pressure coeffi-
cient along the Sun-spacecraft direction, and station locations. The current
best estimate o'f the pre-unlatched orbit is given below:
B = 7549 km
B • R = 3537 km
B • T = 6669 km
t = 05h00mllS324
ca
This solution estimated the state vector, gravitational constants of the moon,
and the solar pressure coefficients and used the doppler and range (PRU) data.
• Estimation of Spacecraft Post-Unlatch Orbit
Similar to the estimation of the Mariner VI post unlatch orbit, the
redetermination of the orbit during this phase took much longer for the orbit to
stabilize than the previous phases which was due to the placement of the epoch
and the lack of continuous tracking data. With about 5 days of intermittent
tracking data the post-unlatch orbit solution was:
B = 7412 km
• _ = 3724 km
• T = 6409 km
t = 04h59m29s766
ca
This orbit solution estimated only the state vector and used doppler data only.
The re were no ranging data taken until June 27.
With about 2-1/2 months of intermittent tracking data the following
orbit solutions were obtained:
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Orbi_ 2 } :,>t 39 2 Post 40 2 Post 41
I)at_ Used I3opp]_'r,iud Range Dopplerand Range Doppler
Pa F_tI_3t'te rs
Estimated
I_, km
B • R, km
t3 • T, krn
tca, 815169
State \r,'cto r,
Solar l_ressure
Coeffici_ nts,
Gravitational
Constant of
Moon
7544
3545
665q
05h00m38s075
State Vector,
Solar Pressure
Coefficients,
Gravitational
Constant of
Moon, Station
Locations
7554
3544
6671
05h00m38_745
State Vector,
Solar Pressure
Coefficients,
Gravitational
Constant of
Moon, Station
Locations
7526
3498
6664
05h00m42s278
At approximately encounter minus 5 days the following orbit solutions
were available:
2 Post 39 2 Post 44
Doppler and Range (PRU) Dopple r Only
t3 = 7544 km I3 =. 7502 km
• P, = 3545 km B • R = 3513 km
1_ • T = 6659 km B • T = 6629 km
t = 05h00m38.s075 t = 05h00m39.s942
Ca ca
The 2 Post 39 orbit solution estimated the state vector, gravitational constant
of the Moon, and the solar pressure coefficients. The 2 Post 44 orbit solution
estimated the same parameters plus the station location parameters. These
two orbit solutions agreed quite well.
The current best estimate of the post-unlatch orbit is given below:
B = 7522 km, B • P, = 3531 kin, B • T = 6642 kin, t -- 05h00m36.s626. This
ca
solution was computed using doppler and range (PRU) data and estimated the
state vector, solar pressure coefficients and the gravitational constant of the
Moon.
The numerical results of the post-midcourse and post-unlatch orbit
computations are presented in Table 2-28. Figures Z-50 and 2-51 show the
B-plane estimates of the post-midcourse and post-unlatch inflight orbits. Fig-
ures 2-52 and 2-53 show the time of closest approach of the post-midcourse and
post-unlatch inflight orbits.
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c. Encounter Orbit Estimates
• Introduction -- 11..I. Gordolz
At 127 hours before its scheduled encounter with Mars, the radio
signal fr_m Mariner VII was lost abruptly. When the signai was reacquired
after 7 hours and 12 minutes (following ground commands to switch to the low
gain antenna), the doppler tone showed that the radial velocity had decreased by
1. 89 cm/sec. There were indications that several electrical transients had
occurred, and 24 telemetry channels (out of a total of 94) were found to be
disabled. The doppler tone remained constant for 71 minutes, at which time
two-way lock and telemetry data were lost again for 60 minutes. When two-way
lock was reacquired, the radial velocity had decreased by an additional 0. 78 cm/
sec, and continued to decrease at an apparently exponentially decaying rate.
Telemetry showed that several additional electrical transients had occurred.
There were several hypotheses to explain these events, all having
the common feature of gas venting for the extended period of time during which
non-gravitational acceleration continued. Operationally, it was imperative to
accurately redetermine the orbit so that all science instruments could be
optimally pointed during the encounter.
Post-encounter analysis ultimately led to the conclusion that at
least one battery cell had spontaneously failed during a charging sequence which
began on July 26. (The charge current profile had been quite non-standard.
Tests conducted on August 12 and 13 showed that the battery was in an open
circuit condition. ) Between July 26 and July 30, the cell pressure had increased,
breaking through the cell walls in one monoblock (there were six monoblocks,
with three cells in each) and finally rupturing the battery case and venting into
the interior of the spacecraft. Internal pressure built up and allowed corona
arcing to occur in the Canopus Star Tracker 700 volt power supply. This
caused the electrical transients, and also caused an apparent loss of Canopus,
initiating a roll search. Dust particles dislodged from the spacecraft were
acquired so that the spacecraft did not continue to roll, but did roll enough to
sweep the high gain antenna away from the Earth. Gas escaped through asym-
metrically located openings in the thermal blanket, producing the translational
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forces. Meanwhile, the crack in the battery case was cooled by the evaporating
solute and was restricted and frozen over, until the battery approached thermal
equilibrium and the crack opened again. (Restriction of a venting aperture is
common, special precautions being required to avoid this phenomenon when
designing such apertures. ) The battery temperature was 7°F cooler after the
second loss of signal (LOS) than it had been immediately before. A similar
temperature drop is assumed to have occurred after the first LOS, but was not
seen due to the long interval between the time that the crack was sealed and the
time that the signal was reacquired. The battery construction was such that
about 10% of the solute is "free," 90% being entrapped in capillary tubes in the
cell walls. Therefore the initial evaporation rate would have been much higher
than the subsequent rates, and tests indicate that it would take about two weeks
for such a cell to "dry out" in a hard vacuum.
• Estimation of The Spacecraft Pre-Encounter Orbit-- S. K. Wong,
S. J. Reinhold
The first orbit after the trajectory perturbation was computed with
approximately 1 day of Doppler data. The epoch of this orbit was at 22h00 m
GMT, July 31. The solution indicated a change of 600-700 km in _ • "R and a
change of 260-270 km in B • T. However, with only one day of data, the
uncertainties of this solution were larger than the indicated differences. From
previous studies, results indicated that short data arc solutions would not be
tied down until the near-target data (taken during the final 3-4 hours before
encounter) was used in the orbit solution.
As more orbit solutions were computed with more data added, the
solutions indicated that the spacecraft still had a small acceleration. Knowing
that there was a small acceleration acting on the spacecraft, the strategies
were:
l)
2)
To model the small acceleration in the orbit computation.
To keep the data arc used in computing the orbit solution as
short as possible to minimize the model error.
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In the SPODP, this small acceleration may be modeled by the solar
pressure model, or the attitude control jet model. Both of these models were
tried and the two solutions were quite similar. The solutions computed with
Doppler and range data up to E - 9h are given below:
Solar Pressure Model Attitude Control Model
B = 7713 km B = 7687 km
g • R = 3927 km E • R = 3986 km
B • T = 6638 km B • T = 6626 km
t = 05h00m49s680 t = 05h00m48s368
ca ca
At approximately E - 3h, orbit solutions were computed using
doppler and range data with a data span from E - 53h to E - 4h.
are presented below:
Solution E23 Solution E26
B = 7692 km B = 7578 km B
• IR = 3769 km g • R = 3829 km B •
B • T = 6705 km B • T = 6540 km B •
t = 05h00m49.s774 t = 05h00m52.s788 t
ca ca ca
Solution E23 estimated the state vector,
The solutions
Solution E27
= 7535 km
R = 3811 km
T = 6500 km
= 05h00m53s520
mass ratio or Mars to Sun,
Attitude Control Jets, and station locations using Doppler and range data
in the solution. Solution E26 estimated the same parameters as E23, but it
used only doppler in the orbit solution. Soiution E27used only doppler data and
estimated only the state vector.
The orbit solutions obtained prior to E - 6h were concentrated in the
region of 3850 - 3920 km in B • R. As more near-target data were added up to
E - 3h, there were 3 orbit solutions that moved past 3800 kmup to about
3769 kin.
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At approximately E - 3h, two DPODP estimates of the spacecraft
orbit were obtained. The estimates are given below:
Solution A Solution B
• R = 3450 B • R = 3780
• T = 6800 B • T = 6640
t = 05hoom47_7 t = 05hoom49_7
ca ca
Solution B was computed using the short data arc and estimated the
state vector, solar pressure coefficients, and the mass of Mars. Solution A
used a longer data arc than Solution B and attempted to model a motor burn
through the "happening. "
It was decided to use the short data arc. Considering Solution B and
the SPODP solutions, the following orbit solution was recommended to the MlVf69
project for the final spacecraft platform update:
• R = 3800 km
• T = 6670 km
t = 05h00m50 s
ca
The one-sigma dispersion ellipse associated with this solution was
300 km circular.
It was decided to choose an orbit, which if in error, would minimize
the effect of the OD errors on science results. Therefore, the FPAC director
recommended at the E - 3hr meeting a B • R = 3700 km and "rounded" the
platform clock angle to the larger achievable value. The actual orbit that was
used for the final spacecraft platform update was:
• R = 3650 km
• T = 6725 km
t = 05h00m47 s
ca
Table 2-29 presents the encounter orbit determination results.
Figures 2-54 and 2-55 show the B-plane estimates for doppler only and doppler
plus ranging solutions. Figure 2-56 shows the time of closest approach for
the encounter orbits.
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Figure 2-54. Mariner VII Encounter Orbit Solutions Doppler Data Only
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Figure 2-55. Mariner VII Encounter Orbit Solutions Doppler and Range Data
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Analysis -- J. W. Zielenbach
Recommendations for Mariner VII based on Mariner VI Results
The plans called for a conservative approach to Mariner VI, avoid-
ing as much as possible those techniques which were susceptible to the errors
discussed earlier. (See Subsection II.B.4.) In order to capitalize on the
Mariner VI information, it was necessary to examine all those solutions which
were made in the hope that they would point out modeling deficiencies.
The fact that ranging could be used near encounter without solving
for the ephemeris meant that the geocentric ephemeris range error was within
acceptable bounds and could be used without any special precautions.
It soon became apparent that the long arc solutions somehow had
modified the effect of the ionosphere so there was little need to try to calibrate
this effect for Mariner VII.
It was impossible to separate the effects of the other error sources
mentioned in time to be used for Mariner VII. From the Mariner VI perfor-
mance it could only be concluded that their combination was within acceptable
bounds and that no special approach need be taken for Mariner VII.
Mariner VII (Refer to Figure Z-57)
Seven hours before Mariner VI encounter, something happened
to Mariner VII causing what was later referred to as the "Happening" (see
Figure 2-58). It became apparent that the spacecraft had received a line of
sight velocity increment of about 6 cm/sec and was undergoing a slowly decreas-
ing acceleration. This "Happening" and the subsequent acceleration began a
new chapter of the OD history and drastically changed the approach to B-plane
parameter predictions from that originally planned.
Many of the telemetry channels were disabled during _he "Happening"
including those that read out the scan platform position in the Near-encounter
position. Indications of electrical transients which had stepped the reference
position potentiometers made it essential to construct and carry out a calibra-
tion sequence at the start of the Far-encounter sequence. Therefore science
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power was turned on at approximately E - 78 hrs with no attempt to correlate
turn on time and the desired limb picture being taken at the right time during
the TV shuttering sequence.
Until the time of the "Happening" the long arc prediction based on
Doppler vs those with Doppler and ranging were in remarkable agreement in
• R and B • T-, showing no evidence of the truncation errors which affected
Mariner VI. (The trajectory step size problem had been discovered and recti-
fied just before the Mariner VI encounter.) The difference between their time
of encounter predictions was slowly decreasing from 10 to 5 seconds.
DPODP pre-happening long arc prediction was:
B" R = 3625 km
• T = 6625 km
t = 05h00m40 s
ca
The best
Three conceptually different sets of short-arc solutions were
two of which were based on initial conditions provided by the OD
The first set involved the SPODP initial conditions in Table 2-30
obtained,
engineer.
and is unique in that it included data before 00h00 m August 2. These predictions
were the first obtained and were wildly different (i000 km in B • R) from the
pre-happening long-arc results. These solutions were discarded as incredible
and rationalized as due to the shortness of the arc combined with the larger
non-gravitational acceleration at that time.
The second set of solutions used the same initial conditions but
used only data after 00h00mAugust 2. These solutions are displayed in
Figure 2-57. Both Doppler-only and Doppler and range data sets were used,
although the solutions with ranging were of primary importance because it was
felt that they restricted the amount of non-gravitational acceleration that could
be absorbed by the spacecraft state. The behavior as even more data was
added was quite erratic but eventually was restricted to solutions within about
65 km of 3840 for B • R-, 50 km of 6600 for B • T, and 3 seconds of 05h00m48 s
for t
ca
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Each of this second set of solutions solved for the Cartesian state
and the GM for Mars, using a spherical apriori uncertainty of i000 km on
2
position and l m/sec on velocity, with 5 km3/sec on GM. The initial condi-
tions provided by the OD engineer had been derived by a multi-iterative fit to
earlier Doppler data and differed from the state on the unperturbed long arc
trajectory _apped to the same epoch by the amounts in Table 2-30.
This second series of solutions were called into question eventually
because it was felt that insufficient use was being made of the _Iprir_ri knowledge
about the orbit, at a tirr_e when every available bit of information was needed to
help tie it down. A discussion of the physics of any mechanism that would cause
the observed velocity increment over the 7 hr period when the spacecraft was
incommunicado precluded the possibility of changes to the y and z initial coordi-
nates of the magnitude seen in Table 2-30. On the basis of the long arc solution
with ranging, the position of the probe at the time of the "Happening" was known
to at least a few tens of kilometers. The second set of solutions did not take
advantage of this information; rather they started with positions hundreds of
kilometers different and assumed they had uncertainties of 1000 kin.
A third series of solutions were conducted that do not appear in
Figure 2-57. These startedwithconditions{b) of Table 2-30 and involved varying
apr#_ri uncertainties on position, while the velocities were assumed known to
1. 0 m/sec. The predictions based on the various solutions are listed below:
(kn_) -- - -- t (Aug 5, 1969)
°-x,y,z B • R (kin) B • T (kin) ca
25 3384 6791 05h00m47s8
100 3540 6889 05h01m57.s9
300 3569 6877 05h01m57 s 8
I000 3906 6564 05h00m47. s0
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l_ecausc of the noticeable change in B • R when the 100 km position uncertainty
was admitted, it was felt that in fact much needed information was being thrown
;_\v;ly in the second series of solutions and that probably the B • _ value was
closer lo 3450 than to 3850.
As an extension of the philosophy of using aprJorJ information, a
solution using data before and after the "Happening" was suggested. The only
checked out capability in lhe program for estimating trajectory discontinuities
was the in_t)ulsive burn model. From an examination of Figure Z-59 and the
realization that 6 degrees of freedom might be necessary because of the accel-
h
erations involved, it was decided to estimate Z impulsive maneuvers, at 0
and 12 h
on July 31. Soon it began to look like the burns would cancel each other
and so the first one was discarded. The central set of plots in Figure 2-57
represents this n_edium arc solution series, using data from July 1 to 1he time
of the plotted points, solving for the Cartesian state, 3 con_ponents of so]ar
pressure, nlass of Mars, and the second impulsive burn (after the "Happening").
The initial position and velocity (at /July 1) were assumed known to
only 1000 km and 1 m/sec, on the assumption that one month's data would deter-
n_ine them sufficiently well. The impulsive burn was assigned a spherical
0. 5 m/see uncertainty. The solutions eventually began to cluster within 70 km
of 3440 for _ • R, within Z0 km of 6780 for B • _ and within 1 sec of 05b00m48 s
for t
ca
A correspondence was sought between the estimated components of
the burn and the velocity adjustments in the short-arc-solutions. The fact that
the second series of short-arc-solutions experienced velocity increments oppo-
site in direction to the burn components, was and still is quite perplexing. It
was felt at the time that the short-arc-velocity adjustments were in effect trying
to affect the erroneous initial positions as well as account for the actual velocity
increment, and this only served to further discredit that approach.
Final Recommendations
Because the philosophy of the second series of short arc solutions
was questionable, and because of the apparent agreement between the medium
arc solutions with burn and the 25 km uprJorJ run of the third short arc series,
a solution of
JPL Technical Memorandum 33-469 2-175
B • T
t
ca
was recommended.
= 3450
= 6800
= 05h00m48 s
Still, the two basic approaches yielded answers nearly 400 km apart,
in a direction and of a magnitude such that if the scientific instruments had been
aligned exactly in accordance with the dictates of either solution and the other
were correct, serious degradation in the scientific return from the mission
would have resulted. This, then, was a crucial recommendation.
To express this uncertainty in a manner that could be assimilated
by the project as rapidly as possible, it was decided to make an "alternate"
(for lack of a better word) recommendation of
B • R = 3780
• T = 6640
t = 05hoom50s
ca
to express the possibility that the southerly clustering of answers was the right
area. This, however, was supplied with a strong rejoinder that it was not the
preferred solution. The actual values that were used for the final platform
update, as discussed in the preceding section, were almost exactly mid-way
between these two recommendations, and proved to be quite accurate (see
Section II. B. 6. d).
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d. Mariner VII Postflight Orbit Determination Analysis- S. K W(mg,
S. J. ReinboM
• Introduction
The purpose of this section is to present the best estimate of the
Mariner VII flight path and other significant results obtained from analysis of
the DSS tracking data. The analysis verified that premidcourse, postmid-
course and encounter inflight orbit solutions were within the Mariner Project
orbit determination accuracy requirements. For the postflight orbital compu-
tations and analysis, as for Mariner VI, only two-way Doppler and planetary
range data were used. The Double Precision Orbit Determination Program of
the Jet Propulsion Laboratory was the principle analysis tool used for the
Mariner VII postflight orbit determination study.
The tracking data was divided into four logical blocks:
1) Premideourse maneuver data was taken between transfer
orbit injection and attitude maneuver prior to mideourse
thrust.
2) Pre-unlatch data was taken betweenmidcourse maneuver and the
unlatching of the scan platform.
3) Post unlatch data was taken between the unlatching of the
platform and the spacecraft "happening" that occurred on
July 30, 1969.
4) Encounter data was taken from encounter minus 2 days to
encounter plus 2 days.
See Subsection II. B. 5. d. for a description of differences in data reduction for
post-flight analysis. The solution that showed the best data fit is declared the
current best estimate (CBE) of the orbit for that phase and this solution is pre-
sented in the following sections for each phase of the mission.
• Premidcourse Maneuver Orbit Estimate
The Mariner VII premidcourse data were essentially divided into
two blocks. One data block had the Canopus tracker locked on the star Vega,
and the other data block had the Canopus tracker on Canopus,
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The data span for this block is from 00h24m GMT on March 28 to 16h45m GMT
on April I. At approximately 16h45m GMT on April I the spacecraft was
unlocked from the star Vega and rolled to acquire Canopus. It stayed locked to
Canopus until near midcourse maneuver. The inflight DPODID orbit solutions
for the two data blocks that estimated the 3 components of the solar pressure
along with the state vector are as follows:
Vega Data Block Canopus Data Block
B = 30085 km B = 30056 km
R = 29322 km B • R = 29260 km
T- = -6732 km B T = -6869 km
t = 04h48m10 s GMT t = 04h49m14 s GMT
ca ca
(Aug. 5, 1969) (Aug. 5, 1969)
These solutions were computed using Doppler data only.
The LAPM XG orbit solution was used for midcourse maneuver
computation. This solution was computed using Doppler data from the two data
blocks and estimated only the state vector. This solution was:
Orbit LAPM XG
B = 30082 km
R = 29309 km
_- = -6777 km
t = 04h48m22 s GMT (Aug. 5, 1969)
ca
Examination of the residual plots of the LAPM XG solution indicated a poor
data fit. This was caused by the inconsistency between the two data blocks.
The current best estimate of the premidcourse orbit was computed
postflight using only the Canopus data block. The solution estimates the state
vector, and three components of solar pressure, the gravitational constant of
Earth and the station location parameters. This solution was computed using
Doppler and planetary range data, and it indicated the following results:
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B
B
B = 30074. 2 km
= 29305. 0 km
T = -6758. 31 km
t = 04h49m20.s844 GMT (Aug.
ca
5, 1969)
The al,riori input values and the one-sigma statistics along with the current
best estimate of premidcourse orbit solution are given in Table 2-31.
The B-plane estimates of the inflight solution used for maneuver computation
and the current best estimate of the premidcourse solution are given below
along with the difference between the two solutions.
Solution Used
for Maneuver
Computation (Inflight)
Current Best
Estimate
(Postflight)
_Inflight- CBE
g_
km
30082
30074
B " R,
km km
-6777
t
ca
(Aug. 5, 1969, GMT)
04h48m22 s29309
29305 -6758
-19
04h49m21 s
-59 sec
• Pre-Unlatch Orbit Estimates
The inflight DPODP orbit solutions indicated an apparent inconsis-
tency between doppler and range (RU) data. The comparison is given below:
E
t3
Doppler Only Doppler and Range (RU) and Range (PRU)
B = 7380 km B = 7324 km
R = 3434 km B R = 3941 km
T = 6532 krn B T" = 6173 km
t = 04h59mS0.S981 GMT t = 04h59m14.s717
ca ca
(Aug. 5, 1959) (Aug. 5, 1969)
The above solutions estimated only the state vector and used approximately
8 days of data.
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Table 2-31. Mariner VII Premidcourse Parameter Solution
Parameters
X (km)
Y (km)
Z (km)
DX (km/sec)
DY (2<m/sec)
DZ (km/sec)
G B
G T
G N
GME (km3/sec 2)
DSS 4 l
R s (km)
k (deg)
DSS 62
R s (km)
k (deg)
DSS 12
R s (km)
k (deg)
DSS 14
R s (km)
k (deg)
A priori
Value
-i097136.5781
-1075657.1563
-902391.2422
-2.5389167666
-2.5392206609
-2.1074835658
0.31925
0.0
0.0
398601.2000
5450.19860
136.887507
4860.81760
355.632200
5212.05350
243.194559
5203.99890
243. II0513
A priori
Statistics
lo-
I0.0
I0.0
I0.0
-4
I×I0
-4
IxlO
-4
ixlO
0.03
0.05
0.05
1.0
0.008
0.00010
O. OO8
0.00010
0.008
0.00010
0.008
0.00010
Current Best
Solution
-1097141.1697
-1075658.5171
-902393.0974
-2.538923065
-2.5392156881
-2. i074806221
0.30272
-0.02974
-0.02411
398601.2307
5450.20085
136.887512
4860.81546
355.632219
5212.05336
243.194551
5203.99961
243.110509
CBE Solution
Statistics
lo-
2.6516
2.4560
3.5118
-5
0.8345 x i0
-5
0.8400 x i0
0. i0965 x l0 -4
0.02350
0.04016
0.04386
0.9976
0.00592
-4
0.5532 x 10
0.00667
-4
0.5790 × l0
0.00745
0.6359 x 10 -4
0.00719
0.6863 x 10 -4
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The current best estimate of the pre-unlatch orbit is computed
using Doppler and planetary range data. This solution estimated the state vector,
the three components of solar pressure, the gravitational constant of the Moon,
and station location parameters. When it was mapped to target, it indicated
the following results:
B -- 7628. 38 km
R = 3540. 95 km
T = 6756. 77 km
t = 05h00m33s357 GMT (Aug. 5, 1969)
ca
The postflightDoppler only solution agreed extremely well with the current
best solution. The al_riori input value and l_ statistics are given in Table 2-32
along with the current best estimate of pre-unlatch orbit solution.
• Evaluation of the Midcourse Maneuver Based on DSII e Tracking
Data
The evaluation of the midcourse maneuver based on DSIF tracking
data was done by taking the current best estimate of the premidcourse orbit
and mapping the state vector of this orbit to an epoch after the midcourse
maneuver. This mapped forward state vector was then subtracted from the
state vector of the current best estimate of the pre-unlatch orbit at the same
epoch. The results of this comparison are given in the following table:
OD tg stimate _:_
Commanded Maneuve r _,--,-
Maneuver ....... "Er ror-_-,-_-
ADX
m/see
- I. 7088
- i. 6947
0. 0141
ADY
m/sec
-0. 59Z90
-0. 56477
0.0Z813
ADZ
m/sec
3. 8840
3. 9026
0. 0186
AV
m/sec
4.2845
4. Z9Z0
0. O366
",'cODEstimate = Current best pre-unlatch estimate minus current best
pre-maneuver estimate mapped to the pre-unlatch epoch.
_:¢Commanded Maneuver = Midcourse velocity increment computed by the
Maneuver Group based on LAPM XG orbit.
_:¢-_b'_',_ManeuverE ror = Commanded maneuver minus OD estimates.
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Table 2-32. Mariner VII Pre-unlatch Parameter Solution
Parameters
x ¢km)
Y 0 m)
z O m)
DX (km/sec)
DY (km/sec)
DZ (km/sec)
G B
G T
G N
GMM (km3/sec 2)
DSS 4 1
R (km)
s
k (deg)
DSS 6 2
R (km)
$
k (deg)
DSS 12
a fkm)
s
k (deg)
DSS 14
a  km)
s
k (deg)
A priori
Value
-2693596.2187
-2640756.0000
-2197889. 1875
A priori
Statistics
10-
i000.0
i000.0
i000.0
Current Best
Solution
-2693600.2094
-2640749.4359
-2197892.4652
-2. 6322803497
-2. 5072045624
- 2. 0627239943
O. 31925
0.0
0.0
4902. 82000
.001
.001
. 001
.03
.05
.05
.0
-2.6322881158
-2.5071950648
-2.0627243412
0.30972
-0.02688
-0.02868
4902.84581
5450.19860
136.887507
4860.81760
355.632200
5212.05350
243.194559
5203.99890
243.110513
0.008
0.00010
0.008
0.00010
0.008
0.00010
0.008
0.00010
5450.20068
136.887522
4860.81572
355.632219
5212.05337
243.194549
5203.99823
243.110496
CBE Solution
Statistics
10-
6.6091
7.9351
8.9171
-5
0.7934 x I0
-5
0.8914 x 10
-5
0.10953 x 10
0.01435
0.03899
0.03661
O. O78O8
0.0053
0.000055
0.0066
0.000057
0.0063
0.000058
O. OO63
0.000061
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The effect of these errors when mapped to tile target may be seen in the
following table:
eve rall 1,2rrorg _
OD Error-':-'-",-"
Maneuver Error':-'**
A_ R, km
101
-4
105
m
AB. T, km
229
19
210
A tc a .
-36
59
-95
SCC
":_Overall Errors = Current best estimate of pre-unlatch orbit minus
maneuver aiming point.
:::'::OD Errors = Current best premaneuver estimate minus orbit used
for maneuver computation.
':-"::",-'Maneuver Errors = Overall errors minus OD errors.
The evaluation of midcourse maneuver is performed assuming that the current
best eslimate of the spacecraft orbit is exact.
• Post-Unlatch Orbit Estimates
A postflight orbit solution based on estimating the state vector,
solar rcflectivity coefficients, gravitational constant of the Moon, and station
location parameters was obtained. This orbit solution was computed using
Doppler and planetary range data. Examination of the residuals indicated
inconsistency in some of the planetary range data. To isolate the bad ranging
data, orbit solutions were computed using different con_binations of passes of
ranFc data. The analysis indicated that the ranging data passes on July 8 and 9
were biased by 1300 nanoseconds {approximately 195 meters). With these two
passes of planetary range data excluded from the computation, the current best
estimate of the post-unlatch orbit is:
B
B
B = 7571. 99 km
= 3630. 82 km
T = 6644. 71 km
t = Aug. 5 1969
ca
05h00m40s665 GMT
The apriori input values and 10- statistics are given in Table 2-33 along with
the current best estimate of post-unlatch orbit solution.
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Table 2-33. Mariner VII Post-Unlatch Parameter Solution
Parameters
x (kin)
Y (kin)
z (kin)
DX [km/sec )
DY (km/sec)
DZ (km/sec)
G B
G T
G N
GMM (km3/sec 2)
DSS 11
R s (kin)
k (deg)
DSS 42
R _km)
S
k (deg)
DSS 4 1
R s (km)
k (deg)
DSS 51
R s (km)
X (deg)
DSS 62
R s ('kin)
k (deg)
DSS 12
R s (km)
k (deg)
DSS 14
R s (km)
k (deg)
A priori
Value
-i1182300. 1250
-9794473. 2500
-7608393. 1875
-4. 1169092655
-3. 3549144268
-2.2417705655
0. 31000
0.0
0.0
49O2. 820000
5206. 34190
243. 150627
5205.35040
148.981301
5450. 19860
136.887507
5742.94170
27.685432
4860.81760
355.632200
5212.0535
243.194559
5203.99890
243.110513
A priori
Statistics
lo-
10000. 0
10000. 0
10000. 0
1.0
1.0
1.0
O. 030
O. 050
O. 050
1.0
0.008
0.00010
0.008
0.00010
0.008
0.00010
0.008
0.00010
0.008
0.00010
0.008
0.00010
O. OO8
0.00010
Current Best
Solution
-11182303.8569
-9794475.6043
-7608379.7722
-4.1169059203
-3.3549049491
-2.2417852938
0.29561
-0.01582
+0.00532
4902.828471
5206.33918
243.150652
5205.35160
148.981298
5450.20220
136.887500
5742.94152
27.685410
4860.81328
355.632203
5212.05323
243.194529
5203.99794
243. ii0516
CBE 1_
Statistics
24.6104
25.5460
31.8334
-5
0.3551 x I0
-4
0.1112 x 10
-4
0.1669 x 10
0.01374
0.03754
0.03118
0.02987
0. OO599
0. 46 x 10 -4
0.00484
-4
0.46 x 10
O. OO39O
0.33 x 10 -4
0.00429
0.33 x 10 -4
0.00452
-4
0.35 x I0
0.00556
-4
0.40 x 10
0. OO596
-4
0.46x I0
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• An Evaluation of the Mariner VII Platform Unlatch
The current best estimate of the pre-unlatch and post unlatch orbits
were used to evaluate the change in velocity due to the unlatch. The state vector
from the current best pre-unlatch orbit was mapped to the post-unlatch epoch
and compared with the best estimate of the state vector obtained from the post-
unlatch orbit at the same epoch. The velocity change is giw_n below:
£_DX = 0.0016 m/see
ADY = 0. 0101 m/see
ADZ = 0. 0036 m/sec
AV = 0. 0108 m/sec
A = the state vector of current best estimate of post-unlatch orbit minus tile
mapped forward state vector of the current best estimate of pre-unlatch orbit.
It should be pointed out that the uncertainties associated with the velocity
component of the spacecraft are nearly as large as the differences presented
above.
The anlount that the orbit was perturbed due to the platform unlatch
can be obtained by differencing the B-plane estimates of the current best pre-
unlatch and post-unlatch orbits.
AB = -56. 39 km
AB R = 89. 87 km
A_ T = -i12. 06 km
At = 7. 308 sec
ca
£_ = the current best post-unlatch orbit minus current best pre-unlatch orbit.
• An Evaluation of the Mariner VII "Happening '_
At 22 h IIm GMT on the 30th of July, something happened to the
Mariner VII spacecraft that caused DSS 51 (Johannesburg, South Africa) to lose
the radio signal. When DSS ll (Goldstone-Pioneer, California) reacquired the
spacecraft at 05h22 m GMT on the 31st of July the Doppler residuals indicated a
Doppler shift of 0. 287 Hz or approximately 18. 7 mm/s. The Doppler residuals
JPL Technical Memorandum 33-469 Z-185
can be seen in Figure 2-59. The DSS-II doppler residuals between 05h22 m and
06h33 m GMT indicated that some spacecraft acceleration had occurred. Fig-
ure 2-59 shows that DSS-II lost lock on the spacecraft again at 06h33 m GMT on
the 31st of July. When the spacecraft was reacquired again at 07hz3 m GMT on
the 31st of July by DSS-41 (Woomera, Australia) the Doppler residuals indicated
that additional spacecraft acceleration had occurred, and was continuing. This
section makes a preliminary evaluation of the velocity change caused by the
"happening" and describes the spacecraft acceleration which occurred afterward.
The postflight analysis of the "happening '_was performed using the Single Pre-
cision Orbit Determination Program as the principle tool.
An estimate of the spacecraft acceleration along the Earth-Probe
direction may be obtained by passing the orbit computed using the pre-
"happening" data through the post-"happening" data. From the Doppler residuals
of the post-"happening" data the acceleration can be calculated for different
times. This acceleration at some selected times are given in Table 2-34. The
estimates are quite sensitive to the orbit which passed through the post-
"happening" data and any errors in the data (ionospheric, timing, etc. ) will
directly affect the acceleration estimates.
The perturbative spacecraft acceleration resulting from the
'_happen[ng" was modeled by a solar pressure force (see Section II. B. 5. d. for a
description of the SPODP solar pressure model). By inputs to the orbit deter-
mination program U T, and N correspond to the +Z, +Y and +X axis of the
sp'
spacecraft coordinate system respectively. The solar pressure equation
models the acceleration inversely proportional to R 2. However, the change in
R is relatively small compared to its magnitude. If R 2 is assumed as a constant
the solar pressure model becomes a constant acceleration model. In applying a
constant acceleration model to a non-constant acceleration trajectory, the
modelwill not be effective over a long data span. Therefore orbit computations
were made using data spans of one to 6 hours. The computed results are given
in Table 2-35. The results indicate that the spacecraft accelerations obtained
by the solar pressure model compared quite well with the accelerations com-
puted from the Doppler residuals (Table 2-34). The spacecraft acceleration as
a function of time is given in Figures 2-60 through 2-63.
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Table 2-34. Spacecraft Acceleration in Earth-Probe Direction
7/31 05h40m00s
O6 01 00
06 22 00
07h30m00 s
07 55 00
O8 2O 00
08hlomo0 s
08 4O 00
09 10 00
09hlomo0 s
09 40 00
10 10 00
lohlomOOS
i0 40 00
ii i0 00
llhlomo0 s
11 37 30
12 05 00
12ho5mooS
13 07 30
14 i0 00
14hlomo0 s
15 5O 00
17 30 00
17h30mo0 s
20 50 00
8/1 O0 10 O0
oohlomo0 s
06 10 O0
12 I0 00
Doppler
Re siduals, Hz
-0.2871
-0.2930
-0. 4792
-0.5568
-0.5484
-0.5964
-0.5964
-0.6330
-0.6330
-0.6582
-0.6582
-0.6731
-0. 6731
-0.7019
-0.7019
-0.7310
-0.7310
-0.7924
-0.7924
-0.8896
A Range
Rate in time
interval At,
km/sec
0.3835 x 10 -6
-6
5. 044 x I0
-6
3. 120 x I0
-6
2. 379 x I0
1. 638 x 10 -6
0.9685 x 10 -6
1.872 x i0 -6
-6
1. 8915 x 10
3. 991 x 10 -6
6.318 x 10 -6
At, sec
2520
3000
3600
3600
3600
3300
7500
12000
21640
43200
Spacecraft
Acceleration
in Earth- Probe
Direction, km/sec 2
-i0
-1.5218 x 10
-16.813 x 10 -10
-8.667 x 10 -10
-6.608 x 10 -10
-10
-4.550 x 10
-i0
-2. 935 x I0
-2.496 x 10 -10
-1.576 x 10 -10
-1.844 x 10 -10
-1.463 x i0 -I0
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Table 2- 35. Spacecraft Accelerations
Day
7/31
811
Tinge
05h56 m
07h50 m
08h40 m
09h40 m
1 lh40 m
13h10 m
15h40 m
20h40 m
06 h 10 m
A z _I-"
g
km/sec
-10
-1.848 x 10
-15.766 x i0-
-7.607 x 10-
-4. 640 x i0-
10
10
10
-10
-Z.085 x 10
-10
-1.679 x 10
A x ",_-",:
Z
kn_/sec
-1.269 x I0 -I0
-10
-i.142 x i0
-i0
-I. 149 x I0
-10
1.122 x 10
-10
8.778 x 10
-10
4.031 x 10
-10
2.524 x 10
1. 163 x 10 -10
-10
0.895 x 10
0.865 x l0 -10
0.684 x 10 -10
-10
0.583 x 10
-10
1,275 x 10
-10
9.970 x 10
-10
4.577 x 10
2.865 x 10 -10
-I0
1.320 x 10
-10
1. 105 x 10
-10
0. 978 x 10
-I0
0.818 x i0
-I0
0.677 x I0
":-'Acceleration along the spacecraft Z axis.
-':-'-':-'Acceleration along the spacecraft X axis.
"-::g_':-'Acceleration along the spacecraft Y axis.
To determine the effects of unmodeled accelerations, a simulation
was performed with known accelerations that could be treated as unknown. The
results of this simulation is described in Subsection II.B.6. e.
Encounter Orbit Estimates
Knowing that there was a small acceleration acting on the space-
craft, the inflight strategies were:
1)
2)
To model the small acceleration in the orbit computation.
To keep the data arc used in computing the orbit solution as
short as possible to minimize the model error.
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At approximately 3 hours before encounter the Orbit Determination
Group recommended an orbit solution to the MM'69Project for the final space-
craft platform update. When the PEGASIS program was run, and achievable plat-
form pointing angles were selected, the orbit corresponded to:
B
B R = 3650 km
B T = 6725 km
t = 05h00m47 s GMT(Aug.
ca
5, 1969)
The one-sigma dispersion ellipse associated with this orbit was 300 km circular.
In post-flight, the encounter orbit solutions were computed using
data spans of E - 2 days 5 hours to E - 45 minutes and E - 2 days 5 hours to
E + 2 days 5 hours. A current best estimate of encounter orbit is given for
each of the above data spans. For the data span from E - 2 days 5 hours to
E - 45 minutes, the current best estimate of the pre-encounter orbit was com-
puted using Doppler and planetary range data. This solution estimated the state
vector, the gravitational constant of Mars, and the attitude control jets, and
indicated the following B-plane parameters:
B = 7634. 97 km
R = 3640. 54 km
B • T = 6711. 13 km
t = 05h00m49s064 GMT(Aug.
ca
5, 1969}
The data span was started at E - 2 days 5 hours in order to keep the data arc as
short as possible to minimize the model error. The data span stopped at
E - 45 rain because the IRS gas venting started at that time. The apriori input
values and l{r statistics are given in Table 2-36 along with the current best
estimate of pre-encounter paran_eters.
For the data span from E - 2 days 5 hr to E + 2 days 5 hr, the
current best estimate of the encounter orbit was computed using Doppler and
planetary range data. This solution estimated the state vector, the gravitational
constants of Mars, astronomical unit, and station location parameters. When
it was mapped to target it indicated the following results:
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605-239
B = 7632. 09 km
B . R = 3634. 56 km
B T = 6711. 09 km
t = 05h00m49s284 GMT (Aug.
ca
5, 1969)
Table 2-36. Mariner VII }_ncounter Parameter Solution (E - 2d 5htoE - 45m)
Parameter s
x (_m)
Y (kin)
Z (kin)
DX (knq/sec)
DY (km/sec)
DZ (km/sec)
2
Az (km/sec
Ax (km/sec 2
Ay (kn_/scc 2
(]M (Mars)
(kin3/ sec 2)
A priori Value
-40092267.5000
-78177128.0000
-40250032.0000
A priori
Statistics
I. 2293577939
-16.0433413982
-6. 9812358618
0.0
0.0
0.0
42828. 4439
I000.0
I000.0
i000.0
0.001
0.001
0.001
-I0
Ixl0
-10
lxlO
-I0
Ix I0
2.0
Current Best
Solution
-40091727.3023
-78177480.5104
-40249859.8790
1.2266569018
-16.0413951021
-6.9821924135
-ll
-0.8353 x I0
-ll
-0.9843 x 10
-0.12538 × 1011
42829.7150
CBE i_
Statistics
61. 4339
60.59 68
144. 6974
0.375236 x 10 -3
-3
0.280968 x i0
0.709406 x l0 -3
-10
0.7861 x 10
-i0
0.9387 x I0
-10
0.9224 x 10
1.5904
]'he three-s gma dispersion ellipse associated with this orbit is 15 km by 10 km
with the semi-major axis approximately perpendicular to the B-vector in the
B-plane. ]Ec' apriori input values and la statistics are given in Table 2-37.
To evaluate the accuracy of the encounter orbit that was recom-
mended to the MM'69 Project at E - 3h, the B-plane estimate of the recom-
mended orbit was subtracted from the current best estimate of the encounter
orbit. The differences are presented below:
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Table 2-37. Mariner VII Encounter Parameter Solution
(E - 5d 2h to E + 2d 5h)
Parameters
x (kin)
Y (kin)
Z (kin)
DX (km/sec)
DY (km/sec)
DZ (km/sec)
Az (km/sec 2)
Ax (km/sec 2
Ay (km/s ec 2
AU (kin)
GM _Mar sj
(km3/sec z )
DSS 41
R s (kin)
k (deg)
DSS 62
R s (km)
k {deg)
DSS 12
R s (kin}
k (deg)
DSS 14
R s _km)
k (deg)
A priori Value
-40092267.5000
-78177128.0000
-40250032.0000
1.229357739
-16.0433413982
-6.9812358618
0.0
0.0
0.0
A priori
Statistics
i0000. 0
I0000. 0
10000. 0
1.0
1.0
1.0
1 x 10 -9
-9
lxl0
1 x 10 -9
Current Best
Solution
-40091823. 7262
-78177642. 2530
-40249449. 7087
1. 2269649017
- 16. 0404533231
-6. 9843405339
-8
0. 14412 x 10
-8
-0.7818 x 10
-0. 1683 x 10 -8
149597893.00
42828. 4439
5450.1986O
136.887507
4860.81760
355.632200
5212.05350
243.194559
5203.99890
243.110513
100
1.0
0.008
0.0001
0.008
0.0001
0.008
0.0001
O. OO8
0.0001
149597897.41
42829.2724
5450.20157
136.887500
4860.81191
355.632165
5212.05309
243.194565
5203.99467
243.110459
CBE lo-
Statistics
79.3557
45.3306
163.9992
-3
0.41487 x I0
-3
0.24688 x I0
-3
0.88385 x l0
0.3342 x 10 -9
0.8621 x l0 -9
0. 5885 x 10 -9
0.40
0. 8197
0. 0033
-4
0.37x I0
0. OO53
-4
0. 43 x I0
O. 0078
O. 66 x 10 -4
O. 0047
O, 41 x 10 -4
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Ag K = - ]65. 44 km
AE T -- 41 km
_t = -0.716 sec
ca
The orbit used for the final platform update was in error by -15. 44
km in B R, -13. 91 km in B T and 2. 284 sec in the time of closest approach.
• Mariner VII Solutions for Solar Pressure and Physical Constants
Solar Radiation Pressure
Since the Mariner VI and VII spacecraft were identical, the solar
radiation effect on the spacecraft due to the high gain antenna discussed in Sult-
section II. 13. 5. d for Mariner VI also applies to Mariner VII. During premid-
course and early portions of the cruise phase, the perturbative spacecraft
acceleration resulting from solar radiation pressure was modeled by (In
SPODP):
aR - KA (i + GB)
MR 2
On approximately May 1, the model was expanded to
A[_ _ KA [1 + GBR + G T + GNN ]MR g T
The definitions of the terms are given in Section II. B. 5. d.
The least squares estimates were computed for the solar reflectivity
coefficients in the pre-midcourse phase, pre-unlatch phase, and post-unlatch
phase. For each phase the solar reflectivity coefficients were estin_ated using
data span from the beginning of that phase to some later time within the san_e
phase. The time history of these solutions are shown in Figures 2-64, 2-65 and
2-66. These figures show the estimated reflectivity coefficient vs the time of
the last data point of the solutions. The G B solutions showed a similar down
trend in solar pressure with increasing time for the Mariner VI solutions. The
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observed change in G B between the pre-midcourse solution and the lat_ cruise
solution was on the order of 0. 026 as compared to 0. 025 for Mariner VI. This
observed chang(." was ow.'r a period of 4 months. This change is probably
caused by the degradation of the total reflectance of the spacecraft and a
decrease in specularity of the solar panels which took place during cruise'.
The expected G N and G T values, using effectiw.- areas, were
calculated as -0. 0499 and -0. 0471 respectively.
The least squares solution closest to the calculated values above
was :
G N - 0.0109 G T = -0.0112
The difference between the calculated G N
estimates can be explained by:
and G T values and the least squares
1) The least squares G N and G T solutions for Mariner VII indi-
cated that the data had very little information on G N and G T.
2) The calculated G N and G T were obtained assuming that the
high gain antenna was the only source contributing solar
radiation force in a direction other than the sun-spacecraft
direction, and it is possible that some solar radiation force
from other surfaces partially offset the solar pressure con-
tributed by the high gain antenna.
The G B estimates with data span ending between June 16 and July 22
showed a fast down trend of Solar pressure. This is not caused by a change in
solar pressure, but is due to the fact that the initial data had very little infor-
mation on solar pressure and was unable to change the nominal input values
which were zero for G N and G T and 0. 338 for G B in solutions prior to 2 POST
23. After 2 POST 23 the nominal value of 0. 319 was input for G B. As more
data were used in the orbit solution, the estimated solar reflectivity coefficient
gradually moved toward the actual value.
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The least-squares estimate of GB, GT and GN were computed in
postflight for the premidcourse and pre-unlatch phases. The following results
were obtained:
G B
G T
G N
Premidcour se
0.30272
-0.02974
-0.02411
Pre- Unlatch
0.30972
-0.02688
-0.02868
The postflight results agree quite well with the inflight results and
the Mariner VI postflight results. Figures 2-64, 2-65, and 2-66 show the time
history of the postflight solutions along with the inflight solutions.
Solution for Gravitational Constant of the Moon
The lunar gravitational constant estimates for Mariner VII are given
in Table 2-38 along with solutions from previous missions. As mentioned in
Section II. B. 5. d. , the GM 4 solutions from the lunar missions are lower than
the solutions from the interplanetary missions. This is due to the fact that in
lunar missions, the GM 4 estimate was obtained by measuring the effect of the
lunar gravity field on the probe acceleration and in the interplanetary missions,
the GM( estimate was obtained by measuring the barycentric motion of the
tracking station over the long cruise interval; therefore, in reality, the results
are a determination of the earth-moon mass ratio, assuming a known value of
earth-moon distance. The real time GM( estimate for Mariner VII is:
GM(
Based on the value GM@ =
is computed to be
= 4902. 8703 +0. 033 km3/sec 2
3/ 2398601. 20 km sec , the earth-moon mass ratio
-i
bt = 81. 29956 ±0.001
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The postflight Mariner VII solution is
GM C = 4902. 828 ±0. 03 km3/sec
and the Earth-Moon mass ratio may be computed as
-I
= 81.3002 _0.0005
The Gravitational Constant of Earth
The post-flight Mariner VII solution is
GM@ _ 398601. Z31 ±0.997 km3/sec 2
This value is consistent with the GM@ estimates obtained in previous missions
as given in Table 2-38. Comparison between the uncertainty of the estimate
and the input apriori indicates that the data has very little information on the
gravitational constant of Earth. (This is due to the lack of near-Earth ranging
data and the change in solar pressure force when the roll reference was changed
from Vega to Canopus at L + 5 days. )
Mariner VII Solutions for Station Locations_:-"
The least squares estimates of station locations based on pre-
midcourse maneuver phase, cruise phase tracking data are presented in
Figures 2-67 through 2-76 in a natural coordinate system (r s, k, z)where r s
is the distance off the spin axis (in the station meridian), k is the longitude and
Z is along the Earth spin axis. The station location solutions for the encounter
phase are excluded here because of the spacecraft anomaly which occurred on
30 July 1969 causing significant spacecraft acceleration which was not very
well modeled for the inflight solutions. The apriori standard deviation for the
':'Station locations have been determined as accurately as possible by reprocessing
data from previous missions (see Section II.A. 2. b. ). These solutions were
made so that consistency could be checked, and so that any unmodeled effects, if
present, could be absorbed as equivalent station location errors.
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spin axis distance r and longitude k are _r = 8m _k = 10m. The station
S S
location estimates were reduced to the mean pole of 1903 and plotted by
N. Mottinger of JPL. The Mariner VII numerical results for station locations
indicate that the r and k solutions are more consistent than the Mariner VI
s
results. An explanation for this is that the maximum elevation angles for
Mariner VII tracking data are higher than for the Mariner VI tracking data and
that much of the Mariner VI pre-midcourse and early cruise phase data are
below 15 degrees in elevation.
A new set of station locations and timing polynomials were imple-
mented into the flight version of SPODP just prior to orbit 2PZ0. The changes
observed in the station locations at this point are similar to the changes observed
just prior to 3PI0 in the Mariner VI solutions and the causes are the same. The
jump in the station location solutions is due to the changes which were made in
the timing and the polar motion system used by JPL. The changes were made
in the computation of Universal Time and the determination of the pole posi-
tions. The observed changes in station longitude are given below: (The
Mariner VI changes in station longitude, are also given here for comparison
purposes. )
Station
DSS- 12
DSS- 14
DSS- 41
DSS- 51
DSS- 62
_k (Mariner VI)
12 meters
NA
12 meters
Ii meters
12 meters
Ak (Mariner VII)
1 1 meters
9 meters.
1 1 meters
11 meters
10 meters
The average value of the station location estimates for each station
was computed for Mariner VI and Mariner VII and they are presented in
Table 2-39. Two average values were computed for each station. One average
value is for the station location estimates before the changes made in timing
and polar motion system. The other average value is for the station location
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Table Z-39, Station Location Solutions for Mariner VI and VII
MARINER VI MARINER VII
Pre-System Post-System Pre-System Post-System
Change-':= Change Change_:: Change
DSS 12
r
8
DSS 14
r
s
DSS 4 1
r
s
DSS 42
r
s
DSS 51
r
s
DSS 62
r
s
5212.0481
243.19468
5212.0490
243.19456
5212.0499
243.19467
5212. 0496
243.19456
NA
NA
5450.2006
5203.9941
243.11052
5450.2004
5203.9942
243.11061
5450.2000
5203.9932
243.11052
5450.2006
136.88763
NA
NA
136.88751
5205.3501
148.98130
136.88761
NA
NA
136.88750
NA
NA
5742.9386
27.685537
4860.8119
355.63233
5742.9395
27.685425
5742.9386
27.685537
5742.9403
27.685428
4860.8133
355.63221
4860.8136
355.63233
4860.8107
355.63223
_:_System Change- The change made in the computation of Universal Time
and the determination of the Earth pole position.
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estimates after the change. The differences in the station locations between
Mariner VI and VII are presented in Table 2-40 which shows that the station
locations are consistent to +1 m.
The Mariner VII postflight station location solutions for premid-
course, pre-unlatch and post-unlatch phase are given in Table 2-41 along with
previous interplanetary missions. The station location solutions for the
encounter phase are not given because of the inadequacy of the model for the
spacecraft acceleration. The station location solutions are given in r , the
s
distance from the Earth spin axis and k, the longitude. The Mariner VII solu-
tions agree very well with the Mariner VI solutions. There are some differ-
ences expected between the solutions for Mariners VI and VII and solutions for
previous missions because of a difference in the ephemeris used in the compu-
tation. Mariners VI and VII solutions used Development Ephemeris '71 and
solutions for previous missions used Development Ephemeris '69.
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Table 2-40, The Difference in Station Location
Between Mariner VI and VII
AMariner VII--Mariner VI
DSS l2
r
s
DSS 14
S
k
DSS 4 1
r
s
X
I)SS 51
r
s
I)SS 62
r
s
Pre Systenn Change_:-" Post System Change
2 meters
- 1 meter
- 1 meter
- 2 meters
0
0
2 meters
0
l meter
0
- 1 meter
0
0
- 1 meter
0
0
-2 meters
2 meters
-':-'System Change- The change made in the computation of
Universal Time and the determination of the Earth pole
position.
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Table 2-41. Absolute Station Locations and Statistics
DSS
II
12
14
41
42
51
62
Data Source
Mariner IV Encounter
Pioneer VIIA
Pioneer VIIIA
Mariner VII Post-Unlatch
Mariner V Encounter
Mariner V Post-encounter
Pioneer VIIA
Pioneer VIIIB
Pioneer IX
Mariner VI Prernidcourse
Mariner VI Pre-Unlatch
Mariner VI Post-Unlatch
Mariner VI Encounter
Mariner VII Prer_idcourse
Mariner VII Pre-Unlatch
Mariner VII Post- Unlatch
Mariner V Cruise
Mariner V Encounter
Mariner V Post-encounter
Pioneer VIIB
Pioneer IX
Mariner V! Pre-Unlatch
Mariner Vl Post- Unlatch
Mariner VI Encounter
Mariner VII Premidcourse
Mariner VII Pre-Unlatch
Mariner Vll Post- Unlatch
Distance Off
Spin Axis,
Mariner V Encounter
Mariner V Post-encounter
Pioneer VIIA
Mariner VI Prernidcourse
Mariner VI Pre-Unlatch
Mariner VI Post-Unlatch
Mariner VI Encounter
Mariner VII Premidcourse
Mariner VII Pre-Unlatch
Mariner VII Post- Unlatch
Mariner IV Encounter
Mariner V Cruise
Pioneer VIIA
Pioneer VIIIA
Pioneer VIIIB
Pioneer IX
Mariner VII Post- Unlatch
Mariner IV Encounter
Pioneer VIIIB
Pioneer IX
Mariner V'I Premidcourse
Mariner VI Pre-Unlatch
Mariner VI Post-Unlatch
Mariner VI Encounter
Mariner VII Post- Unlatch
Mariner V Cruise
Mariner V Encounter
Mariner V Postencounter
Pioneer IX
Mariner VI Post-Unlatch
Mariner VI Encounter
Mariner VII Premidcourse
Mariner VII Preo Unlatch
Mariner Vll Post- Unlatch
5206. 3XXX
408
408
382
392
5212.0XXX
475
509
508
484
469
524
499
546
517
534
534
532
5203.9XXX
964
942
936
957
992
989
999
965
996
982
979
5450.XXXX
5205.
5742.
1975
2000
2006
2020
2042
2027
2008
2009
2007
2022
3XXX
494
503
519
478
475
424
516
9XXX
408
307
397
395
396
379
412
415
8XX.X
149
151
155
127
172
162
155
157
133
l-_r Standard
Deviation, m
2.9
1.6
1.9
6.0
2.1
1.9
1.2
3.6
5.8
7.8
8.8
7.0
5.3
7.5
6.3
5.6
2.4
1.7
3.0
2.5
5.7
10.0
7.9
5.9
7.2
6.4
6.0
2.1
2.4
8.0
6.4
7.1
5.1
3.8
5.9
5.4
3.9
4860.
2.9
1.4
1.6
1,6
2.1
7.8
4.8
2.6
2.4
9.1
6.5
7.4
5.5
6.0
4.3
2.1
2.0
2.4
8.1
7.9
5.5
6.7
6.7
4.5
Geocentric
Longitude, deg
243. 15XXXX
0633
0454
0686
0653
243. 19XXXX
4560
4588
4382
4318
4498
4543
4538
4525
4539
4552
4549
4529
243. 11XXXX
0531
0528
0523
0438
0513
0490
0499
0509
0497
0517
136. 88XXXX
7531
7578
7365
7532
7537
7473
7494
7513
7523
7501
148.98XXXX
I288
1311
1129
1378
1004
1268
1299
27. 68XXXX
5432
5192
5396
5422
5423
5360
5411
5410
355. 63XXXX
2219
2221
2234
2075
2180
2188
2220
2220
2203
I-o" Standard
Deviation
10 -5 deg
5.6
17.0
109.0
4.7
3.6
9.8
16.5
77.4
61.0
7.2
6.4
5.4
5.0
6.4
5.8
4.0
9.2
3.6
9.8
62.0
10.0
7.8
5.3
6.9
6.1
4.6
3.0
9.7
17.6
6.6
6.2
4.6
4.5
5.5
5.5
3.4
5.0
9.3
16.5
108. 0
75.7
62.0
4.7
4.5
75.7
62.0
6.7
6.2
4.7
6.3
3.4
9.8
3.3
10,0
69, 0
7.0
5.1
5.8
5.7
3.5
Distance Along*
Spin Axis, km
3673.7XXX
590
590
590
630
3665. 6XXX
240
240
240
240
240
280
280
280
280
280
280
280
3677. XXX
048
048
048
048
052
052
052
052
052
052
-330Z. XXX
238
238
238
243
243
243
243
243
243
243
-3674. XXX
628
628
628
628
628
628
646
-2768. XXX
760
76O
760
744
744
744
744
744
4116. XXX
950
950
95O
950
908
908
908
908
908
*Distance along spin axis was input but not solved for.
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e. Analysis of Simulated Data-- V.J. Ondrasik
• Introduction
During the Mariner VII operations and the post-encounter analysis,
many strategies were employed to determine the spacecraftfs orbit under the
influence Of the unknown perturbation. To try and formulate a "best 'r strategy
to deal with such perturbations, and to obtain some idea of how well the orbit
may be determined, simulated data was produced so that the actual trajectory
was a known quantity.
The first block of simulated data consisted of producing two-way
doppler points and the associated partial derivatives every 10 minutes starting
on July 31 at22h00 mand continuing to August I0, for a nominal orbit with no
perturbations. To avoid having to simulate and fit data for every perturbation
which was to be studied, the following procedure was followed:
I) A simple trajectory run was made applying the desired per-
turbation and obtaining perturbed values of the geocentric
range.
2)
3)
These perturbed geocentric range values were differenced
with the unperturbed values.
These range differences were used to produce the correspond-
ing doppler changes by means of the program ION (described
in III.A.2.d.) with all features peculiar to the ionosphere
deleted.
4) The resulting doppler corrections were then treated as resid-
uals in the nominal unperturbed run.
This method produced the necessary quantities needed to study the
effects of any desired perturbation in less than one-tenth of the time of simu-
lating original data and performing a fit.
The effects of five perturbations were studied, namely, a constant
acceleration of magnitude 0.26 × 10 -8 km/sec 2 in the r and y directions and an
exponential acceleration of magnitude 0.26 X 10 -8 exp (-t/18 hr) km/sec 2
in the r, x, and y directions. (These directions correspond to the principal
spacecraft axes, roll, pitch and yaw, respectively.)
JPL Technical Memorandum 33-469 Z-EZI
The constant acceleration was chosen because the orbit
determination program has the capability of solving for it, and the exponential
was chosen because it best approximates the actual acceleration thought to have
been experienced by Mariner VII. Table 2-42 shows the effects these accelera-
tions have on the B-plane parameters, and Figures 2-77, 2-78, and 2-79 show
the resulting changes in the range and range rate for the exponential
perturbations.
The numbers of Table 2-42 are easily predicted from the following
equation
AB
a(B. R)
A(B • T)
UB
R
T
TCA
f Ai _ dt2
0
where Ar is the perturbing acceleration
For example, the changes in B for the constant accelerations in the
r, x, and y directions are
&B(F, _, _) = -45, 39, 125 km
which should be compared to the trajectory run results of -42.4, 40.5 and
127.8 respectively. In order to determine if these results could be applied in
a linear fashion to perturbations of a different magnitude and direction, a ira-
-8 2
jectory run was performed with an acceleration of 0.26 x 10 km/sec tn all
three directions simultaneously. The changes in the B-plane parameters, from
the nominal, for this run agreed to within 1 km of the sum of the changes as
produced by applying the accelerations separately.
• Pre-Encounter Solutions
Figures 2-80 and 2-81 show plots of the partial derivatives of dop-
pler data with respect to the state parameters. It is obvious from these figures
that the pre-encounter solutions, which can use data only up to E - 4 hours,
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Figure 2-81. Doppler Partialw r.t Velocity
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received very little help from the planet centered accelerations to resolve
uncertainties arising from the unmodeled forces.
• Pre-Encounter Data
Tables Z-43 through 2-47 give the results of orbit determination
solutions using various data arcs, al)riori, and estimation parameters, for
exponential and constant accelerations. All of these tables substantiate the
well known fact that large unmodeled accelerations have disasterous effects
upon the solution, and in this case may give errors in the encounter parameters
of thousands of kms. An approximation to the change in orbital elements may
be obtained by considering a first order temporal expansion of the range rate
given by the following equation (Ref. 16).
_(t) -- _ + r _ cos _(sin _t + _ cos _tl + [ag+ r(_z Z 2)1cos _ + _ t0 s
- r _t6 sin 6 sin wt - r _t6 cos 6 cos wt (11
s s I
where
p
r --
6 =
AN =
r --
S
a --
g
r(& 2 cos 2 6 + _2) =
topocentric range
geocentric range
declination
an error in right ascension
distance of tracking station of the spin axis
gravitational acceleration
v2/r = centrifugal acceleration
The orbit determination program will modify the elements r o, to'
, d o, 60 , and _ to account for the unmodeled acceleration. For exampleO O
consider in a very simplified manner, the effects of a constant acceleration in
2
the sun probe direction of magnitude 0.26 x 10 -8 km/sec The coefficients of
the fourth term must rearrange themselves to account for this acceleration.
Thus,
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0.20 x 10-8 km/sec 2 2 __a/x &= t_r + {b2 cos 6 + _2) nr +
_a
+ _-_6 A6 + Zrv2.Av ± (2)
The gravitational partials are so small that it would require changes in the
range of 0.2 x 106 km or changes in a or 6 of approximately I deg to account
for the unmodeled acceleration gravitationally. These possibilities must be
eliminated as being unreasonably large. In addition the second or third choices
are in conflict with the determination of a and 6 from the second and third terms
of Eq. (I). Thus, by assuming that the effects of the unmodeled accelerations
will be absorbed in the perpendicular velocity, equation (2} yields
0.20 x 10 -8 km2/sec 2
1.72 x 10 -7 km/sec
= 0.0116 km/sec
This agrees quite well with the DPODP result of 0.0123 km/sec. Unfortunately
the correlation between the various coefficients of Eq. (1) prohibits such easy
prediction of the changes in other quantities. However, an examination of the
results given in Tables 2-43 through 2-47 have shown that the changes in both
position and velocity are mostly perpendicular to the earth-probe direction.
Tables 2-43, 2-44, and 2-45 show that deleting increasing amounts
of data where the exponential acceleration is large continually improves the
state only solution. Finally, using only one day's worth of data shortly before
encounter gives solutions whose B-plane parameters are usually within 30 km
of the correct result with associated sigmas of approximately 60 km. However,
the errors appear to be a function of the choice of apriori , even to the extent
of changing sign, and for some particular parameters may be as large as
118 kin. Comparing the one day data arc, state only solutions in Tables 2-43,
2-44, and Z-45 with perturbed minus nominal results of Table 2-42 show that
errors in the solutions are almost always larger than actual differences in the
perturbed and nominal trajectories. Thus the effect of the unmodeled accelera-
tion degrades the state only solutions to such an extent that the use of these
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orbits would incur larger errors than the use of the nominal orbit, determined
before the acceleration was initiated.
The orbit solutions for the exponentially perturbed spacecraft are
considerably improved if some non-gravitational force is included in the esti-
mate list along with the state parameters. For example, the errors in the 2d
13h data arc solutions, although still several hundred kin, are improved by
approximately a factor of five over the state only solutions. Figure 2-82 shows
how the orbit determination program tries to fit the exponential acceleration
with a constant plus linear acceleration over the Zd 13h and 1 day data arcs
when the direction of the acceleration is assumed to be known. As shown by the
last entry in Tables 2-43, 2-44, and 2-45 including attitude control accelera-
tions in directions other than the perturbing acceleration in the estimate list
produces hardly any change in the solution. Comparing these results with the
perturbed minus nominal trajectory runs of Table 2-4Z show the solution errors
in B-plane parameters are smaller than the actual changes produced by the
acceleration if these changes are large. Thus, if the perturbing acceleration
can be fairly well modeled by attitude control forces it appears that this orbit
determination solution is preferable to the nominal trajectory.
• Solving for Known Accelerations
By examining the before the fit residuals produced by an unknown
perturbative acceleration the gross temporal characteristics of this accelera-
tion may be determined. Thus, if the orbit determination program contains
solve-for accelerations of this character it may be possible to determine the
magnitude and direction of the perturbing accelerations. Tables 2-46 and
2-47, contain orbit determination solutions in r, and y directions. These
tables show that by applying relatively tight apriori and solving only for the
state and the constant acceleration, a, the magnitude of the acceleration can be
solved for very nicely. Unfortunately, the solution contains errors in the
B-plane parameters of up to 30 kin. Loosening the apriori and including con-
stant accelerations in all three directions somewhat degrades the solution for
the accelerations but does not effect the B-plane parameters substantially. If
in addition to the constant accelerations, linear accelerations are included in
the list of solve for parameter the solution for the direction and magnitude of
the force is severely degraded, but once again the B-plane parameters are not
substantially changed.
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0.26 v
0.24
0,22
O A'r" = 0.2603 X 10-8 exp (-t/18 hr)
1) a(r) = 0.3061 X 10-1 - 0.9543 X 10-15t
2) a(x) = 0.2144 X 10 .7 - 0.7715 X 10-15t
O
0.20
0.18
0.16
% 0.14
X
E
-_ 0.12
0.10
0.08
0.06
0.04
O.02
o
0
o
Fa(r) = 0.1752
\
X 10-8 - 0.3032 X 10"14t
0.1155 X 10 .3 -0.3032 X 10-14t
C ENCOUNTER
o ^ ,I I l -_
Oh 12h Oh 12h Oh 12h Oh 12h i h 12h Oh Oh 12h Oh 12h
1d 2d 3 d 4d 5d 6d 7d 8d
AUGUST 1969
Figure Z-82. Const. + Linear Attitude Control Acceleration Fits to the
Exponential Perturbation for Various Data Arcs
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• Post Encounter Solutions
Once the spacecraft has passed the planet so that both post
encounter and pre-encounter data are available the solution for the encounter
parameters is greatly improved. Tables 2-48 and 2-49 show the results of
using this post and pre-encounter data for orbits produced by exponential and
constant accelerations respectively. These tables show that even deleting the
data from E - 6h to E + llh give B-plane errors which exceed 15 km only
once for the exponential perturbations and 30 km only twice for the constant
acceleration.
An order of magnitude prediction of the effect unmodeled accelera-
tions have on the parameter B may be obtained in the following way. Consider
the spacecraft to be in a hyperbolic orbit about the encounter planet as shown
in Figure 2-83.
Figure 2-83. Planet Centered Hyperbolic Trajectory
The simplest situation to examine is when the perturbing acceleration is always
directed toward the planet. For this case the angular momentum, per unit
mass,
h= B§
is conserved so that
AB &§ (2a)
B s
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Tables 2-46 and 2-47 have shown that a state only solution for the orbit
perturbed by a constant acceleration using pre-encounter data alone may give
-2
errors in the velocity up to 10 km/sec. Using this value for A_ in Eq. (2a)
predicts an error of 10 km in B. This agrees quite well with the results in
Table 2-49 which contains errors in B from 10 to 30 kin.
If the perturbation is not in the spacecraft planet direction the situa-
tion is not so simple, but still tractable using some very reasonable assump-
tions. Once more consider the spacecraft to be in a hyperbolic orbit about the
planet as shown in Figure 2-83.
From the figure
COS X -
e
2
upon expanding and neglecting terms of the order 1/e and higher
1
e
(3)
The incoming and outgoing asymptote unit vectors, S I
-SI = --s
and So, are given by
and
b
--O
S = --
--o
and the dot product between them may be written as
2 2
• S = cos x = I -ST --o 2
e
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Thus an error in the eccentricity is related to errors in velocity quantities by
the following equation
since
A e _-
a_ Ai- ]2SI- " -oS __s +-SI " {o
(4)
zx§AS - A_" -S-_ (5)
For a two-body orbit the incoming and outgoing speeds must be the same
so that A§ A_ and /x_ must satisfy the following equation.
' S' --0
__ S • A_A_ = _SI • A I = -o -o
Thus writing Eq. (4) as
e
t_' --fii + si) " _/'I (SI - " - ZSIAe = -"T So - - -o So) -o - -o
and substituting in Eq. (5) gives
e 3
Ae =--_-[(S o -SI)" (A_I- A-_O)+ 2(I- SI" So)AS] {6)
From Eq. (3) it may be seen that
2
(i -_sz • _so ) = -7
e
and
i(s_° __si) I = e_e
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Therefore since for any reasonable perturbative accelerations
[A__I - A_-_o[°_lez-X_
and for convenience it will be assumed the constant of proportionality equals 2.
A_
Ae -- °2e7 (7)
S
The eccentricity may also 1)e written in terms of the energy and the impact
parameter according to the well known equation given below
N/ (k_ZB) 2e = l+
where k is a constant. Differentiating and then expanding this equation in
powers of 1/e gives to the first order
_g Ab
Ae = 2e---r- + e
s b
Combining this equation with tgq. (7) gives
ZX_A___b _ -4 __
b s
-2
Once more using the value /',4 = l0 km/sec obtained from Tables 2-46 and
2-47, the above equation predicts Ab = 40 kin. This is in good agreement
with the orbit determination program results in Table 2-49 of errors in B which
range from 10 to 30 kin.
• Summary and Conclusions
An examination of the various orbit determination solutions using
the simulated data suggests the following conclusions:
1) All data perturbed by an acceleration which cannot be modeled
should be deleted.
J1nL Technical Memorandum 33-469 2-2-t3
z)
3)
Even if the accelerations can be modeled closely, the solutions
will contain very little information about the direction of the
perturbations.
The combination of pre- and post-encounter data should allow
the B-plane parameters to be determined to within 10 or 15kin
for these types of perturbations.
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7. Accuracy Evaluation
a. Ionosphere -- B. D. Mulhall
As described in SubsectionII. A. Z. d., ionospheric measurements were
obtained from the Faraday rotation polarimeters at the Venus site and at the
University of New England, Armidale, Australia and from ionosonde vertical
sounding stations at Tortosa, Spain, Mount Stromlo, Australia, Woomera,
Australia and Johannesburg, South Africa. These measurements were con-
vetted to total electron content, mapped to the Mariner ray path, and range and
doppler corrections were computed and applied to Mariner VI and VII radio
tracking data and resulted in the recommended changes shown in Table 2-50.
Table 2-50. Recommended Changes Due to Ionospheric
Effect, Mariner Mars 1969 Mission
Mariner VI
Mariner VII
&B • R, km &B • T, km
48
20
B • T is the component of the B vector (a vector from the center of the planet to
the aiming point} in the ecliptic plane and B • R is the component perpendicular
to B .T.
The recommended changes listed in Table Z-50 were determined by
differencing the results of Double Precision Orbit Determination Program
(DPODP) solutions using inflight data which had not been calibrated for the iono-
sphere with station locations based on post-flight solutions using uncalibrated
data versus DPODP runs using ionospherically calibrated data and station loca-
tions based on post-flight calibrated data. These differences are not necessarily
the actual ionospheric effect on the orbit determination since the error intro-
duced by the ionosphere into the infIight data would be masked in part by the
uncalibrated station location.
For example, Figure 2-9 of Section II. A.2.d. shows that for
Mariner V, the ionosphere caused an error which consistentiy increased the
JPL Technical Memorandum 33-469 2-g45
apparent station spin radius r . It is very likely that the ionosphere had a
' S
similar effect for Mariner 1969. Consequently, station locations based on
uncalibrated Mariner V data would compensate in part for the ionospheric error
in Mariner 1969 data.
The ionospheric effect was considerably lower than was anticipated.
Although 1969 had been a year of high ionospheric concentration due to solar
flare activity, during the period when the calibration was performed, 5uly 1 to
August 5, 1969, the ionosphere was relatively inactive. This low activity was
particularly noticeable in the southern hemisphere where the total columnar
electron ionospheric content was typically less than half of the content in the
northern hemisphere. Due to the southerly declination of the Mariner space-
craft most of the radio tracking data were obtained from southern latitude sta-
tions. Consequently, the smaller effect of the southern ionosphere outweighed
the effect in the northern ionosphere and reduced the magnitude of the calibra-
tion for the entire net.
A great part of the resources of the ionospheric calibration team
were spent in devising schemes to automatically collect, process, and produce
calibration data for the Mariner 1969 encounter. Hand processing of data con-
sumed another large portion of the team's resources where automated
approaches could not be used or there was not sufficient time to develop auto-
mated techniques. The problem arises from using the data of various agencies,
institutions, and observations from all corners of the world. Though these
organizations proved extremely cooperative and helpful, the requested data
could not be transmitted in the standard format.
To make calibration procedures operational on a routine,
to a research, basis the following steps should be taken.
1)
2)
as opposed
Models to predict the effect that requires calibration should
be developed and perfected to eliminate the need for making
measurements especially for inflight calibration.
Instrumentation to measure the effects requiring calibration
should be installed at each DSS and connected into the track-
ing data acquisition system so that collection and processing
of calibration is as nearly automated as possible.
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3) Measurement techniques which hold the most promise of
inherent accuracy should be exploited as opposed to techniques
which have inherent limitation in accuracy which will make
them obsolete for future missions. For example, techniques
which provide measurements along the entire probe-DSS ray
path should be developed over techniques which do not.
JPL Technical Memorandum 33-469 2-247
b. Timing and Polar Motion -- C. C. Chao, P. M. Muller
It was found, as expected, that the JPL adopted A.1-UT1 data are
perturbed each time newly received data is input into the TPOLY program
(Ref. 14, Subsection II.A.2.c.). This is due to the fact that the least squares fit-
ting curve will alter its path in order to fit the new data points. An analysis
was made on such perturbations from launch to encounter of Mariner VI and VII
(Ref. 26). The greatest magnitude of the perturbation reached 14 milliseconds
which is twice as great as the uncertainty allowed by mission requirements,
and the perturbation penetrated backward (at a lesser amplitude) two to three
weeks from the last data point.
Figure 2-84 looks back over the time period during the Mariner
1969 mission and charts what is now thought to be the error in A. l-UTl cali-
brations at the time the calibrations were first made. That is, on a particular
day, say June 13, a TPOLY run was made including observations up to that
day, in this case June 13. Based on current knowledge, the ordinate plots the
"errors" (4 ms) in the estimated June 13 A. I-UTI on June 13. It is seen that
this error can be quite large-- the worst case was on July 17 and was 14 ms.
This error is equivalent to nearly a 6 m station longitude error and should be
compared to the goal of determining the station locations to an accuracy of 3 m.
By itself, however, Figure 2-84 presents a pessimistic picture in
the sense that in any given TPOLY determination of A. l-UTl, the error will
(in general) be highest on the last day (assuming of course a prediction of UTI
is not required). This error will decay rapidly for days before the final day
since they will have the benefit of USNO data on each side of the date in question.
Moreover, any orbit estimate will normally be formed using data at least two
weeks in arrears of the last data point received and will be influenced by errors
in UTI equally for each day's worth of data. To emphasize this point, Figure
2-85 plots the estimated error in the worst case July 17 polynomial for the two
weeks leading up to the 17th. Had a highly important OD run been made on the
17th using only two week's data, the effective station longitude error could well
be approximated by the average of the errors shown, or 5.7 ms (2.3 m).
This represents the worst case, which did not occur during a criti-
cal portion of either mission. The actual errors for the encounter for both
2- 248 JPL Technical Memorandum 33-469
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spacecraft are noted on Figure 2-84, and then plotted for a week leading
backwards from encounter on Figure 2-86. These show more typical behavior
and yield average errors of l to 2 ms (0.5 to l m in equivalent station location
error).
A similar plot was made for the deviation in polar motion data in
Figure 2-87. For Mariner VI encounter, the 25 day predicted value of polar
motion gave a 0.011 arc sec (i/3 m) difference inx and a 0.028 arc sec (0.9 m)
difference in y. For Mariner VII encounter, the difference in x and y increased
to 0.022 arc sec (3/4 m) and 0.032 arc sec (1.03 m) respectively due to the
longer prediction arc.
The error of the one month prediction of the polar motion
exceeded our expected value (1/2 m) because the linear rate at which the pole
was moving during the crucial period was higher than normal.
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SI_ CTION III
MARINER VI AND VII TRAJECTORIES
J. K. Campbell
A.
1.
MARINER VI
Launch to Maneuver
Mariner VI was launched by Atlas/Centaur 20 on a direct ascent trajectory
from Air Force Eastern Test Range (AFETR), complex 36B, on February Z5,
1969, 01h29m02 s.013 GMT. The launch window had opened 35 rain earlier, at
00 hr 54 min. Figure 3-I illustrates the Atlas/Centaur sequence of events. A
programmed 13 sec roll brought the vehicle to an ine'rtial azimuth I08 deg east
of north. The pitch program was then initiated and completed at booster engine
cutoff (BECO) which occurred at 01h31m33 s.2. The Atlas booster was jettisoned
3 sec later at 01h31m36 s '
At BECO +8 sec the initial yaw maneuver took place. The yaw maneuver
actually consisted of two separate maneuvers. The first yaw was performed
during the Atlas sustainer phase and had a "yaw index" of 9. 25. The term "yaw
index" is used to describe the magnitude of the yaw maneuver, and is a function
of the trajectory inclination at Centaur main engine cutoff. If the desired incli-
nation requires a planar _zimuth heading greater than 115 deg, an initial yaw
is made to a 115 deg parallel azimuth heading and then a final yaw maneuver is
initiated shortly after Centaur main engine start (MES), to align the vehicIe with
the desired final heading. Yaw index equals the yaw rates multiplied by the
yaw times, and is thus ap?_roximately equal to the total yaw angle turned during
powered flight (see Figures 3-2 and 3-3). The final yaw maneuver had a yaw
index of 9.
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Figure 3-2. Dog-leg Maneuver to Increase Inclination
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After rising above a significant portion of the atmosphere, the Centaur
insulation panels and nose fairing, which protect the spacecraft during ascent,
were jettisoned at 01h32ml8s. 4 and 01h32m54s6. respectively. During the Atlas
sustainer phase, the sustainer and vernier engines adjusted vehicle velocity and
attitude until sustainer engine cutoff/vernier engine cutoff (SECO/VECO), which
occurred at 01h33m37 s.3. The sustainer stage was separated from the Centaur
at 01h33m40 s.0, and after an 8.9 sec coast, the main engine of the Centaur was
ignited at 01h33m48s. 9. The main engine cutoff (MECO) at 01h41mllS. 6, when
C 3 was computed to be II. 1906 km2/ 2sec Immediately after Centaur MECO,
the Centaur guidance system initiated a turning maneuver to bring the vehicle
into alignment with the separation direction, which was primarily determined by
telecommunication and planetary quarantine requirements. The pre-separation
turning maneuver continued until approximately MECO +95 sec, and was com-
pleted at 01h42m47 s 3. At the completion of this maneuver separation occurred,
and the spacecraft was placed onto its Mars transfer trajectory by a spring
deflection from the Centaur.
The Mars transfer trajectory was a Type I transfer, that is, the total
heliocentric central transfer angle from earth at launch to Mars at encounter
was less than 180 deg. Table 3-i gives the elements and injection conditions of
the transfer orbit, at separation. At the completion of separation the space-
craft initiated several events. First, the tip-off rates resulting from separation
were nulled out. Next, the solar panels were deployed at 01h46m45 s. The
spacecraft left earth's shadow at 01h55ml2 s and sun acquisition was initiated.
After completing sun acquisition at 01h58m35 s, the spacecraft then initiated
Canopus acquisition at 05h25m01s, which was completed by 05h42m20 s. The
spacecraft was now attitude stabilized.
While the spacecraft was performing the above events, the Centaur was
prepared for its deflection maneuver. Following a 270 sec coast after separa-
tion, the Centaur began to pitch to a new direction, nearly perpendicular to the
spacecraft separation direction, at 01h47m17 s. Two of the Centaur vernier
engines were then ignited (01h48m52 s) and the Centaur began to thrust itself
away from the spacecraft and thus away from the Mars transfer trajectory.
Approximately 40 sec later the vernier engines were cut off and two settling
JPL Technical Memorandum 33-469 3-5
Table 3-I. Geocentric Orbital Elements at Injection
Element
Periapsis, km
Semi-major axis, km
Longitude of ascending
node, deg*
Argument of periapsis
Mariner VI
6863.
-35820.
318.27
135.99
Mariner VII
6884.
-23639.
de g_-"
Eccentricity
Inclination, deg*
Time of periapsis, GMT
1.18
43. 33
2/25/69
olh40m40 s. 6
325.85
119. 32
1.27
31.01
3/27/69
22h30mlO s.0
*With respect to Earth Equatorial plane and vernal equinox.
motors thrusted for 350 sec. Following this thrust period, the Centaur began
its propellant blowdown at 01h55m24 s to achieve the final deflection of the
Centaur from the spacecraft. The blowdown lasted until all propellants, liquids
and gases, were expelled. Figure 3-4 shows the ground track of Mariner VI
for about 8 hr after launch.
• Mariner VI Injection Aiming Point
In order to satisfy various planetary quarantine constraints, it was
necessary to aim the spacecraft at injection (post-separation) to a point farther
from the planet than the actual desired aiming point. The particular biasing
direction chosen was dictated primarily by the desire to keep the midcourse
velocity increment small, as well as to minimize the trajectory dispersions
which would result from a larger-than-expected error in velocity increment.
This bias was then removed by the midcourse maneuver. The injection aiming
point, as defined in Figures 3-5 and 3-6, achieved by Mariner VI was B.T =
3, 620 kin, B'R = 12, 909 km. Closest approach would have occurred at
3-6 JPL Technical Memorandum 33-469
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APPROACH AIMING
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SUN
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HEMISPHERE
e) R-S-T FROM A RIGHT-HANDED SET
Figure 3-6. Diagram of Aiming Plane
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04h40m14 s GMT on 31 July 1969. Thus the Atlas/Centaur, the most accurate
launch vehicle combination used to date, would have delivered Mariner VI to
an aiming point only about 5600 km 'southwest' of the specified aiming point, as
illustrated in Figure 3-5. The preferred aiming zone shown was selected by
the scientific experimenters for a high-value science return. Because of the
aim point biasing needed to satisfy quarantine constraints, and the Centaur
injection errors (which were well within tolerance), a midcourse correction
was required to adjust the velocity vector, to deliver the spacecraft to the pre-
ferred aiming point. Although each spacecraft could perform two maneuvers,
only one maneuver was needed to meet the accuracy requirements. The mid-
course motor was ignited at 00h54m44 s GMT on l March 1969 and the resulting
change in the spacecraft trajectory is illustrated by a comparison of the aiming
plane coordinates: B .T was now 7786 kin, B._-was -410 km, and closest
approach time was 05h18m44 s GMT on July 31, 1969. Table 3-2 contains the
post-midcourse heliocentric orbital elements.
2. Cruise
After leaving the vicinity of the earth, the spacecraft proceeded on an
approximately elliptical trajectory about the sun until it reached the vicinity of
Mars. Figure 3-7 illustrates the heliocentric view of the Mariner VI trajectory.
Figures 3-8 through 3-17 show various geometric trajectory parameters for
Mariner VI, such as celestial latitude, longitude, earth-spacecraft range,
heliocentric distance, and cone and clock angles of earth. The figures illustrate
the geometric behavior of both spacecraft projected out to 1975.
Several days after the midcourse maneuver, the scan platform, on which
the science instruments were mounted, was unlatched from its stowed position.
The unlatching involved the releasing of compressed nitrogen and the resulting
velocity vector change slightly altered the spacecraft trajectory. Table 3-3
shows the heliocentric orbital elements of the post-unlatch trajectory.
A small anomaly occurred during the heliocentric cruise, on about
April 20, 1969. The cone angle of Canopus changes during cruise (see Fig-
ure 3-15), such that Canopus slips out of the field of view of the Canopus tracker
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Table 3-2. Post-Midcourse Heliocentric Orbital Elements
Element
Periapsis, 106 km
Semi-major axis,
106 km
Longitude of ascending
node, d e g",_
Argument of periapsis,
de g",`.
Eccentricity
Inclination, d e g':-"
Time of periapsis, GMT
Mariner VI
148. ii
194.44
335.94
179.91
0.2383
1.99
Mariner VII
145. 18
190. 01
6.73
148. 81
2/24/69
15h25m49 s
0.2383
1.60
2/27/69
20h36m48 s
",-'With respect to ecliptic plane and vernal equinox.
if the tracker's cone angle is not updated. During the update period around
22h30 m GMT on April 20, 1969 the Canopus cone angle was anomalously
switched to the incorrect position. The subsequent loss of Canopus and the
many roll jet actuations while trying to acquire the brightest spot in the Larger
Magellenic Cloud resulted in a 2 mm/sec change in radial velocity. The aiming
point at Mars changed slightly, by 50 km in the B-plane and 12 sec in
arrival time. The post-anomaly heliocentric orbital elements are given in
Table 3- 4.
3. Encounter
The spacecraft approached the vicinity of Mars (~2 x 106 km) with an
areocentric speed of about 7 km/sec. The orbital path with respect to Mars
could be approximated by a hyperbolic trajectory with an asymptotic speed
of 7. 2 km/sec. Mars gravitational attraction caused the hyperbolic asymptote
JPL Technical Memorandum 33-469 3-II
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Table 3-3. Post-Unlatch_: -_ Heliocentric Orbital Elements
Element
Periapsis, 10 6 km
Semi-major axis,
10 6 km
Longitude of ascending
node, deg ",'_','
Argunlent of periapsis,
de g-'.,-*
Eccentricity
Inclination, deg 's ",-_
Time of periapsis,, GMT
Mariner VI
148. i0
193. 40
335. 82
179.91
Mariner VII
145. 21
189. 88
6.66
148. 88
0.2342
1.96
2/24/69
12h50m17 s
O. 2353
1.60
2/29/69
20h06m42 s
*Unlatch of scan platform
*":"With respect to ecliptic plane and vernal equinox.
direction to be altered by about 15 deg after Mars encounter. Tables 3-5,
3-6, and 3-7 contain the pre-encounter, encounter, and post-encounter areo-
centric orbital elements for the Mariner VI encounter trajectory. The flyby
of Mars was geometrically accomplished by the spacecraft crossing the orbit
of Mars in an outgoing heliocentric diroction (see Fig. 3-7). The spacecraft
passed the trailing edge of Mars, that is, Mars in its orbit had the larger
tangential component of heliocentric velocity, and essentially passed the space-
craft. At about 04h30 m GMT on July 31, Mars overtook the spacecraft, i.e.,
the celestial longitude defining the Sun-Mars line became larger than the celes-
tial longitude defining the Mars-spacecraft line. Now before this time, Mars
as viewed from the spacecraft appeared with its morning terminator to the left.
The last far-encounter TV picture was shuttered at about 22h21 m GMT on
July 30, so that all of the far-encounter TV pictures show several degrees of
the morning terminator to the left in the planet.
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Table 3-4. Post-Magellanic Cloud Heliocentric Orbital Elements for
Mariner VI (May 4, 1969 00h00m00 s)
Element
6
Periapsis, I0 k'm
Semi-major axis, 106 km
Longitude of ascending
node, deg*
Argument of periapsis,
Mariner VI
148. i0
192.86
335. 6O
deg*
Eccentricity
Inclination, deg*
Time of periapsis, GMT
180.02
0.2321
1.94
2/24/69
09h44m29
*With respect to ecliptic plane and vernal equinox.
The near-encounter phase was initiated after the spacecraft crossed the
Sun-Mars line. Now Mars appeared from the spacecraft with the evening ter-
minator dividing the planet disk nearly in half. During the close-encounter
phase, several key science instrument events had to be accurately placed
within the encounter sequence of events. Hence, it was necessary to combine
estimates of the encounter aim point with the desires of the principal investiga-
tors to maximize the data returned from the four scientific instruments. The
trajectory estimate determined the scan platform angles needed to point a
planet sensor which could initiate cooldown of the infrared spectrometer. In
addition, the projection of the ultraviolet spectrometer slit had to be parallel
to the local horizon 100 km above the surface of Mars. Further, the TV experi-
menters wanted the first recorded wide-angle TV picture to be shuttered at the
limb-crossing of the center of the projected TV frame. It had been determined
that a closest approach trajectory of about 3000 km altitude and passing
3-24 JPL Technical Memorandum 33-469
Table 3- 5. Pre-Encounter* Areocentric Orbital Elements
Element
Periapsis, km
Semi-major axis,
l06 km
Longitude of ascending
node, deg*S _
Argument of periapsis,
de g _",-__',-_
Eccentricity
Inclination, d e g_',-_*
Time of periapsis, GMT
Mariner VI
6169. 9
- 824.4
163. I0
Mariner VII
6238. 8
-857. 3
16.70
8.48
6.35
7/31/69
05hl6m21
259. 05
282. 72
8.28
32. 20
8/15/69
04h57m58 s
",_Spacecraft approaching vicinity of Mars (approximately
2, 000, 000 km from Mars).
",-_':-_Withrespect to ecliptic plane and vernal equinox.
approximately 20 deg below Mars' equator would best satisfy the desires of the
principal investigators. Table 3-6 gives the areocentric orbital elements of the
actual trajectory, which very closely matched the desired trajectory. After the
TV line of sight crossed the bright-side limb of the planet, the scan platform
was slewed to four new directions, again to allow maximum scientific return in
viewing various regions on Mars. Platform slews were performed in l deg
steps over a broad cone and clock angle range, and were initiated by the central
computer and sequencer (CC&S) shortly after frame readout started for selected
TV pictures. The picture numbers and the cone and clock steps were stored
in the CC&S memory, and were altered several times during the pre-encounter
flight, as the trajectory estimates became more accurate and the investigators
pinpointed the desired viewing regions on the planet. The spacecraft attitude
was inertially stabilized by gyrosj and the scan platform motion was accom-
plished by electric motors such that extremely small resulting torques were
felt by the spacecraft.
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Table 3-6. Areocentric Orbital Elements at Encounter
Element
Periapsis, km
Semi-major axis, km
Longitude of ascending
node, deg*
Argument of periapsis,
deg*
Eccentricity
Inclination, deg*
Time of periapsis, GMT
Mariner VI
6842.
- 825. 8
148. 21
30. 89
9. 29
6.92
7/31/69
05hlgm06 s.2
Mariner VII
6812.
- 858. 8
258. 14
282.98
8.96
28.15
8/05/69
05h00m49_ 5
*With respect to ecliptic plane and vernal equinox.
The factors which dictated each of the five platform positions will now be
summarized briefly. Mariner VI returned 25 pictures of the lighted side of
Mars during the close-encounter pass. The general locations of these pictures
are illustrated in Figure 3-18. The odd-numbered frames are wide-angle
{TV-A) pictures, and the even-numbered frames are narrow-angle (TV-B)
pictures. Picture No. 1 was shuttered approximately 13m59 s before encounter
(closest approach), and picture No. 25 was shuttered approximately 2m55 s after
encounter. The pictures were spaced at 42. 24 sec intervals. The initial plat-
form cone angle was selected such that (at the initial clock angle used) the
digital tape recorder (DTR) would start at the "appropriate" time and, also, the
first picture would be a suitable wide-angle picture of the limb. By "appro-
priate" is meant that the DTR would still be running some 30 to 60 sec after the
IRS viewing axis had crossed the dark limb (at the final platform cone and clock
angle position). This was done to ensure recovery of the dark-side data on the
DTR in the event that the real-time high-rate (16, 200 bps) channel did not
3-Z6 JPL Technical Memorandum 33-469
/Figure 3-18. Mariner VI Near Encounter TV Coverage
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Table 3-7. Post- EncounterS-:_Areocentric Orbital Elements
Element
Periapsis, km
Semi-major axis, km
Longitude of ascending
node, deg",-_*
Argument of periapsis,
Mariner VI
7ZZ8.7
- 824. 20
139.04
40. Z9
Mariner VII
7107. 7
-857. 12
254. 95
286.11
d e g::._',--
Eccentricity
Inclination, deg**
Time of periapsis, GMT
9.77
7.94
7/31/69
05h21m59 s.3
9. 29
24.43
8/05/69
05h03m44 s. 6
_',:Spacecraft leaving vicinity of Mars (approximately 2, 000, 000 km
from Mars).
,:-'_'sWith respect to ecliptic plane and vernal equinox.
function properly. The initial platform clock angle for the first swath was
selected such that (for the initial cone angle used) the UVS viewing slit would be
aligned with the local horizontal at an altitude of 100 km above the bright limb.
A sufficient number of pictures were taken along this first swath to ensure that
the trailing UVS field-of-view (FOV) had scanned the lower atmosphere, had
crossed the limb, and had even passed a small distance across the planet sur-
face. Approximately 8 sec after frame No. 8 was shuttered the CC&S instructed
the platform to slew to its second position. A negative slew in clock angle
carried the instrument viewing axes to the north in order to view such interesting
surface features as Margaritifer Sinus, Oxia Palus, Mcridiani Sinus, and a
small part of the western side of Sabaeus Sinus. The amount of clock angle
slew was limited so that some overlap would be maintained with the last picture
swath across the lighted side. The platform had to be slewed after picture
3-2.8 JPL Technical Memorandum 33-4_(_
No. 13 in order to carry the UVS back off the limb to a sufficient altitude where
it could make a second scan of the atmosphere. The third platform orientation
was therefore determined by slewing to the final cone angle position (_100 deg)
and that clock angle position which would again align the UVS slit with the tan-
gent plane at 100 km altitude above the bright limb. This slew-back also pro-
vided the UVS with its shortest slant-range view of the atmosphere above the
limb. In order to again give the UVS ample time to scan the atmosphere, cross
the limb, and pass onto the planet surface, the next platform slew was not made
until 8 sec after picture No. 17 had been shuttered. After picture No. 17 had
been shuttered, the platform clock angle was diminished by 2 deg, thus moving
the instrument traces slightly to the north on Mars. This fourth platform posi-
tion was chosen to accomplish three objectives:
i)
z)
3)
Maintain some overlap with frames No. ii and 13.
View the southern boundary and most of Sabaeus Sinus.
Obtain a good pass completely across Syrtis Major on the dark
side with the IRR and IRS.
A final platform slew was performed on the dark side (after frame No. 32) in
order to view Libya and extend dark-side viewing time for the non-TV
instruments.
Closest approach occurred at 05h19m06 s9 GMT on July 31, at a Martian
latitude of -23. 0 deg and 19.9 deg east longitude. Shortly thereafter, the space-
craft crossed the evening terminator, and then occulted the earth at 05h34m33s
GMT when loss of radio signal occurred. Occultation occurred on the dark
side of Mars at 3. 7 deg latitude and 355. 7 deg east longitude. The spacecraft
areocentric position was -8. 7 deg latitude, 64.5 deg east longitude. Occulta-
tion ended and the signal reappeared at 79.3 deg latitude, 87. 1 deg east longi-
tude. The spacecraft areocentric position at exit occultation was 0. 6 deg lati-
tude, 80.3 deg longitude. The spacecraft was reacquired at 05h54m28 s GMT.
Figure 3-19 shows the areocentric Mariner VI trajectory and the relation of
the spacecraft and science events. The events, some of which are labeled on
Figure 3-19, are as follows:
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A Spacecraft 2, 000, 000 km from Mars, July 28, 00h21m51s
B Science instrument and scan encounter power turned on
July 29, 01h22m21 s
C Scan control switched to far-encounter references July 29,
01h56m31 s
D Far-Encounter TV-B Picture No. i shuttered July 29,
05h28m48 s
E Far-Encounter TV-B Picture No. 50 shuttered July 30,
22h21m42 s
F Scan control switched to near-encounter references July 30,
22h23m28 s
G Spacecraft crosses sun-Mars line July 31, ~04h38m08 s
H IRS cooldown squibs fired by Pyro - IRS motor started
July 31, 04h41m54 s
Near-encounter TV-A Picture No. 1 shuttered July 31,
05h05m08s
J Initiation of 1st Platform Slew, approximately -14 deg in
clock, performed after shuttering of 8th TV picture,
05h10m12 s
K Initiation of 2nd Platform Slew, approximately +20 deg in
clock, to 100. 0 deg cone, performed after shuttering of
13th TV picture, 05h13m42 s
L Initiation of 3rd Platform Slew, approximately 02 deg in
clock, performed after shuttering of 15th TV picture,
05h16m32s
M Closest approach to Mars, 05h19m07 s
N Initiation of 4th Platform Slew, approximately +6 deg in
clock performed after shuttering of 3End TV picture,
05h27m06s
O Spacecraft occults earth, 05h34m33 s
P Spacecraft exits earth occultation, 05h54m23s
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B. MARINER VII
i. Launch to Maneuver
Mariner VII was launched by Atlas/Centaur 19 on a direct ascent
trajectory from AFETR, complex 36A, on March 27, 1969, 22h22m01s GMT.
The spacecraft was launched in sunlight, and entered the earth's shadow at
22h38m27 s GMT. The launch window had opened at 21h35m00 s about 47 min
before the launch actually occurred. The launch azimuth was I02.79 deg,
requiring no yaw maneuver. BECO occurred at 22h24m32 s. The Atlas/
Centaur sequence of events for Mariner VII was otherwise the same as for
Mariner VI. The Centaur insulation panels and nose fairing were jettisoned at
22h25m16 s and 22h25m53 s
, , respectively. The Atlas sustainer engine cutoff
occurred at 22h26m16 s, and the sustainer stage separated from the Centaur two
seconds later. After a l0 sec coast, the Centaur main engine was started at
h m s h m s
22 26 28 . Centaur MECO occurred at 22 33 53 , when C_ was computed to
2 2 _ m
be 16. 8612 km /sec . Spacecraft separation occurred at 22 35 28 s. The
solar panels were deployed at 22h38m28 s and the Centaur deflection maneuver
was initiated at 22h40m01 s. The spacecraft exited the earth's shadow at
23h12m45 s and sun acquisition was completed at 23h14m33 s Figure 3-4
shows the ground track of Mariner VII for about 8 hr after launch.
• Mariner VII Injection Aiming Point
The injection aiming point achieved by Mariner VII had the following
aiming plane coordinates at Mars: B.T = -6777 km, B.R = 29 309 km, t --
' ca
04h48m22 s GMT, August 5, 1969 (see Figure 3-5 and 3-6). The Mariner VII
injection aiming point was also biased, the bias being removed by the midcourse
maneuver. The maneuver is ordinari'ly computed and executed with the star
Canopus as the standard roll position reference. However, for Mariner VII
the star Sirius was used as reference, in order to minimize the pitch turn
magnitude so that the solar panels would not be tilted away from the sun signifi-
cantly. On April 7, 1969 commands were sent to acquire Sirius and the motor
burn was initiated at about 20h22 m on April 8, 1969. Subsequent to the mid-
course maneuver, Mariner VII headed for an aiming point about 190 km from
the selected aiming point. Tables 3-1, 3-2, and 3-3 give the geocentric and
heliocentric orbital elements at injection, post-midcourse, and post-scan
platform unlatch for both spacecraft.
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Z. Cruise
After leaving the vicinity of the earth, the spacecraft proceeded on an
approximately elliptical trajectory about the sun until it reached the vicinity of
Mars. Figure 3-20 illustrates the heliocentric view of the Mariner VII trajec-
tory. Figures 3-8 to 3-16 and Figure 3-Z1 show various geometric trajectory
parameters for Mariner VII, such as celestial latitude, longitude, earth-space-
craft range, heliocentric distance, and cone and clock angles of earth. The
figures illustrate the geometric behavior of both spacecraft projected out to 1975.
One month after the midcourse maneuver, the scan platform, on which
the science instruments were mounted, was unlatched from its stowed position.
The unlatching involved the releasing of compressed nitrogen and the resulting
velocity vector change slightly altered the spacecraft trajectory. Table 3-3
shows the heliocentric orbital elements of the post-unlatch trajectory.
The Mariner VII spacecraft experienced a sequence of anomalies, initiated
by a loss of radio signal at approximately 22hii m GMT on July 30, and concluded
with the reacquisition of spacecraft roll reference at llh35 m on July 31. The
series of anomalies had a large effect on the subsequent encounter mission
operations. The result of the anomalies was to change the velocity of the space-
craft by -7. 67 cm/sec in the earth-radial direction. (See Section If. B. 6. f.
for a complete description of the Mariner 7 anomalies. ) Table 3-5 gives the
areocentric pre-encounter orbital elements for the Mariner VII orbit.
3. Encounter
The Mariner VII encounter trajectory closely matched the Mariner VI
encounter [rajectory, with the exception that the trajectory plane was inclined
about 55 deg south with respect to the Mars equator. Table 3-5 gives the areo-
centric orbital elements for the actual Mariner VII encounter trajectory. The
sequence of near-encounter events for the Mariner VII encounter was similar to
the Mariner VI sequence. The factors which dictated each of the five Mariner
VII platform positions will now be summarized briefly. Mariner VII returned
33 pictures of the lighted side of Mars during the near-encounter pass. The
general locations of these pictures are shown in Figure 3-23. The odd-
numbered frames are TV-A, and the even-numbered frames are TV-B. Pic-
ture No. 1 was shuttered approximately 20mZ6 s before closest approach, and
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piclure No. 33 was shuttered approximately 2m6 s after closest approach. The
piclures were spaced at 42. 24 second intervals. Four different platform view-
ing orientations were used during the TV portion of the flyby pass.
Since the high-rate channel had worked successfully for Mariner VI FtC
and NE (and for Mariner VII FE), and because the F>" pictures had furlher
increased the interest in the southern polar cap, it was decided to take more
NE pictures for Mariner VII, with more of them on the southern polar cap. The
initial platform cone angle was therefore increased to about 135 deg in order to
start the sequence properly and fill the analog tape recorder (ATR) with 33
pictures of the lighted side of Mars. The initial cone angle value was based
upon knowledge of the time the TV would cross the terminator (with the plat-
form slewed back to CA _ 100 deg, KA _ 234 deg), and assuming that initial
value of platform clock angle which would properly align the UVS slit projection
at 100 km altitude above the bright limb. The initial platform position also
resulted in obtaining very desirable coverage of Meridiani Sinus under different
viewing conditions than had been present during the second Mariner VI NE plat-
form position. A sufficient number of pictures were taken along this first
swath to ensure that the trailing UVS field-of-view had scanned the atmosphere,
had crossed the limb, and had passed a short distance across the planet surface.
Approximately 8 sec after picture No. 9 had been shuttered, the CC&S
instructed the scan platform to slew to its second position in order to view the
southern polar cap. This required a very large positive clock slew of 33 deg,
as well as a positive cone slew of 9 deg. The chosen cone and clock angles
(CA _ 144 deg, KA _ 250 deg) gave all instruments the opportunity to view the
regions north of the cap boundary, to make the transition across the thaw region
and cap boundary with continuity to progress well onto the cap, and, finally, to
obtain wide-angle pictures (see frames No. 17 and 19) of the terminator while
on the polar cap. The platform had to be slewed after picture No. 20 in order
to carry the UVS back off the limb to a sufficient altitude where it could begin
a second scan through the atmosphere.
The third platform position was therefore determined by slewing to the
final cone angle position (_100 deg) and that clock angle value (_234 deg)which
would again align the UVS slit with the tangent plane at 100 km altitude above
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the bright limb. This slew back also provided the UVS with its shortest
slant-range view of the atmosphere above the limb. Motion along this third
swath continued for a sufficient time to permit the UVS to complete its scan of
the atmosphere and, in addition, to permit the TV and IRR to cross the western
boundary of Hellas, and for the trailing IRS to cross most of Hellespontus.
At this point, the IRS experimenter requested a 5 deg clock slew to the north
in order to cross Hellas at slightly warmer latitudes. Pictures No. 21 through
27 were taken along the third platform swath.
Approximately 8 sec after picture No. 27 was shuttered, the CC&S
instructed the platform to slew north to its fourth position. In this position,
the remaining TV pictures No. Z8 through 33 were taken, with much of picture
No. 33 covering the dark side across the terminator. Motion along this swath
continued until 8 sec after '_picture No. 37" had been shuttered, at which time
the CC&S issued instructions for a final clock angle slew of the platform of
+Zl deg. Performance of this final clock slew delayed the occurrence of exces-
sively oblique viewing angles and extended dark-side coverage for the non-TV
instruments.
Closest approach occurred at 05h00m49 s.5 GMT on August 5, at a Martian
latitude of -53. 3 deg and 78. 3 deg east longitude. Shortly thereafter, at about
05h04m20 s, the spacecraft crossed the evening terminator, and then occulted
the earth at 05h14m09 s GMT when loss of radio signal occurred. Occultation
occurred on the dark side of Mars at -58. 3 deg latitude and 30. 3 deg east
longitude. The spacecraft was at an areocentric position of -28.6 deg latitude,
124.4 deg east longitude. Occultation ended and the signal reappeared at
05h43m51 s at 38. 1 deg latitude, 211.7 deg east longitude. The spacecraft was
now at an areocentric position of -3.8 deg latitude, 137.1 deg east longitude.
Reacquisition was completed at 05h43m36s GMT. Figure 3-22 shows the
areocentric Mariner VII trajectory and the relation between the spacecraft and
science events. The events, some of which are labeled on Figures 3-72 are
listed below:
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AB
C
D
E
F
G
H
I
J
K
L
M
N
©
P
Mariner VII "Happening" July 30, 22hll m to July 30, llh35 m
Science instrument and scan encounter power turned on
August l, 22hl8m29 s
Spacecraft 2, 000,000 km from Mars August l, 22h32m53s
Scan control switched to far-encounter references August 2,
00hl6m01s
Far-Encounter TV-B Picture No. l shuttered August 2,
09h32m42 s
Far-Encounter TV-B Picture No. 93 shuttered August 4,
23h59m30 s
Spacecraft crosses Sun-Mars line August 5 04h13m00 s
IRS cooldown squibs fired by Pyro - IRS motor started
August 5, 04h15m07 s
Near-encounter TV-A Picture No. l shuttered 04h40m24 s
Initiation of Ist Platform Slew, approximately +33 deg in
clock, 9. 0 deg in cone performed after shuttering of 9th TV
picture 04h46m10 s
Initiation of 2nd Platform Slew, approximately -17 deg in
clock, to i00. 0 deg cone, performed after shuttering of 20th
TV picture 04h53m54 s
Initiation of 3rd Platform Slew, approximately -5 deg in
clock, performed after shuttering of 27th TV picture
04h18m50 s
Closest approach to Mars 05h00ms0 s
Initiation of 4th Platform Slew, approximately +6 deg in clock
performed after shuttering of 38 TV picture 05h05m53s
Spacecraft occults earth 05hl4m08s
Spacecraft exits earth occultation 05h43m51 s
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C. MARINER Vl, VII POST-ENCOUNTER
After successfully completing close encounters with Mars, the two
Mariner spacecraft have gained energy so that they are in solar orbits with
perihelion distances significafitly greater than Earth aphelion distance. Though
not primarily designed as Mars swingby missions, the trajectories were fairly
efficient in this respect. If Mars had been a massless planet, and an impulsive
maneuver had been done to change the pre-encounter orbits into the resulting
post-encounter orbits, the velocity requirements would have been I. 584 km/sec
for Mariner VI and I. 446 km/sec for Mariner VII.
Table 3-8 summarizes the post-encounter trajectory parameters. Notice
that both orbits have periods of approximately one and three-quarter years, and
that solar conjunctions occur nine and one-half days apart at the end of April
and beginning of May, 1970. During the time near solar conjunction, it was
possible to perform an extremely sensitive test of general relativity theory by
measuring the effect of the Sun's mass on the radio signals being transmitted
from the spacecraft.
Figures 3-14, 3-I0, 3- 13 and 3- ii show probe-Sun distance, probe-
Earth distance, Sun-Earth-probe angle, and Earth-probe-Sun angle (Earth cone
angle) versus time for Mariner VI and VII. Near the time of conjunction,
maximum probe-Earth distance is attained, so that maximum free space
attenuation of signal strength occurs. The low-gain antenna, which always
points toward the Sun in cruise configuration, also points toward the Earth at
this time. Since the high-gain antenna axis makes an angle of 41. 6 deg with
the low-gain antenna axis, it would be necessary to reorient the spacecraft in
order to increase received signal power by transmitting with the high-gain
antenna.
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Table 3-8. Post-Encounter Heliocentric Trajectory Parameters*
Mariner VI
Semi-major axis (km x l06)
Semi-minor axis (km x 106)
Period (days)
Longitude of ascending node (deg);:_'_,"-"
216.57
211.68
636.24
342.64
Argument of periapsis (deg)*;:-"
Eccentricity
Inclination (deg)_:_*
Time of aphelion (GMT)
Aphelion distance (km x 106)
Time of solar conjunction (GMT)
203.54
0.2113
1.78
o2/o3/7o
13h20 m
262.35
04/30170
01h20 m
Distance from Sun at conjunction (kin x 106 )
Distance from Earth at conjunction (km x 106 )
Sun-Earth-probe angle at conjunction (deg)
Earth-Sun-probe angle at conjunction (deg)
Earth-probe-Sun angle at conjunction (deg)
Time of perihelion (GMT)
Perihelion distance (km x 106 )
251.13
401.96
0.95
178.48
0.57
1z/18/70
16hl0 m
170.80
Mariner VII
210.43
205.93
609.35
347.13
173.08
0. Z056
1.8Z
01/19/70
09h10 m
253.70
05/09/70
13h50 m
236.32
387.07
1.79
177.06
1.16
lllZ0170
01h20 m
167.16
":-_Based on osculating conic at conjunction.
-_:-_:_With respect to ecliptic plane and vernal equinox.
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Figure 3-23. Mariner VII Near Encounter TV Coverage
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SECTION IV
MANEUVER ANALYSIS
R. K Mitchell
A. PURPOSE OF MANEUVERS
Midcourse correction maneuvers were required on the Mariners VI and
VII trajectories in order to achieve the accuracy on the encounter parameters
necessary to satisfy the objectives of the scientific experin_ents to be performed.
These maneuvers were accomplished by means of small changes in spacecraft
velocity vector, thus causing their trajectories to be slightly perturbed from
the nominal trajectories, but with the desired end conditions. The Mariner VI
and VII spacecraft were capable of performing two such corrective maneuvers.
This capability was required in order to ensure an acceptable pre-launch pro-
bability of achieving a satisfactory encounter. The likelihood of achieving such
an encounter at injection was essentially zero for two reasons. First, because
of normally occurring in-tolerance injection errors, the resulting dispersions
at encounter were much larger than the acceptable encounter region. Second,
in order to satisify the planetary quarantine constraint, it was necessary to
target the spacecraft approximately 20, 000 km from the nominal desired final
aiming point at injection. Similarly, although it was not anticipated that the
first maneuver aiming point would have to be biased to satisfy the planetary
quarantine constraint, in-tolerance execution errors associated with this maneu-
ver were sufficiently large to lead to a significant probability of requiring a
second maneuver. Although the Atlas-Centaur is the most accurate launch
vehicle used to date, and could have satisfied the requirements of some previous
interplanetary missions with no maneuvers, the stringent accuracy requirements
placed on the Mariner Mars 1969 mission required the capability of executing
two maneuvers for each spacecraft.
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A considerable amount of effort went into pre-mission maneuver strategy
studies in order to maximize the probability of executing successful maneuvers,
and to prepare operations personnel for various contingency plans. An important
part of the maneuver strategy was the injection targeting procedure. The pro-
cess of injection targeting included selecting the spacecraft separation direction,
the Centaur deflection direction, and aiming points for pre- and post-separation
and post-deflection. Some of the considerations that went into selecting these
values were:
Spacecraft separation direction.
a)
i)
z)
3)
Send spacecraft toward planet, launch vehicle away from
planet.
b) Point low gain antenna in lower hemisphere (containing earth)
for rapid acquisition of signal.
c) Have orientation such as to acquire sun before entering earth's
shadow,, when injection was in sunlight.
d) Avoid pointing sensitive instruments to sun.
Launch vehicle deflection direction.
a) Minimize probability of launch vehicle impacting planet.
b) Insure that deflection direction was such that launch vehicle
would not collide with separated spacecraft.
c) Insure that deflection exhaust gases did not impinge on
spacecraft.
d) Insure that launch vehicle did not come within the field of
view of the spacecraft Canopus sensor.
Aiming point Selection (at injection).
a)
b)
c)
Minimize velocity increment required to remove injection bias.
Bias arrival time consistent with a) above.
Insure that a nominal maneuver violated no constraints on the
maneuver sequence.
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d) Attempt to aim such that the midcourse maneuver would be in
such a direction as to cause maximum maneuver execution
errors to map parallel to the limb of the planet.
During operations, the final midcourse aiming points were selected by
the principal investigators as a function of orbit determination and expected
maneuver execution errors so as to maximize the value of the scientific experi-
ments and minimize the likelihood of needing a second maneuver. Avoiding a
second maneuver was desirable for reliability reasons.
B. MANEUVER CONSTRAINTS
A number of constraints existed which had to be taken into consideration
when calculating midcourse maneuvers. These constraints appeared as lirni-
rations on the turns that could be made, the time the maneuver was to be per-
formed, and the possible aiming points that could be selected.
The major considerations affecting the design of the Mariner VI and VII
maneuvers were:
i)
2)
3)
4)
s)
Due to the CC&S design, turns could be equal to or greater than
0. 18 deg, and not larger than approximately 360 deg. The minimum
motor burn time was 0. 05 see, the maximum was 102. 35 sec.
These constraints did not significantly affect the maneuver design.
The maneuver had to be performed such that the Earth range and
cone angle would allow telecommunications throughout the maneuver.
This constraint turned out to be a very important consideration for
these missions, and was a factor in deciding to perform the first
rnidcourse maneuver on Mariner VI quite soon after launch.
A firm constraint in designing any maneuver was that enough track-
ing data have been obtained and processed to give an orbit estimate
that will not improve appreciably by taking more data.
The star acquired by the Canopus tracker had to be known prior to
the maneuver computations.
The total velocity correction capability for either spacecraft was
about 56 m/sec.
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6)
7)
S)
9)
In order to avoid damage to the UVS, IRS and TVB, it was necessary
that the pitch turn lie within the range of -79. 5 deg to +180 deg.
The 180 deg constraint was necessary to prevent damage to the
instruments during reacquisition.
It was a desirable constraint for reliability reasons that the sun not
pass through the Canopus sensor field of view, which would activate
the Canopus sensor sun shutter.
It was desirable, if convenient, to limit the pitch turn to lie in the
range ±67 deg. This would prevent the power system from using the
battery during the maneuver.
Due to the geometrical configuration of the spacecraft, an inacces-
sible cone existed about the plus and minus cruise orientation of
pitch axis within which the thrust axis could not be pointed. The half
angle of this cone was I. 085 deg for Mariner VI and i. 2625 deg
for Mariner VII.
C. MANEUVER IMPLEMENTATION
After the desired post maneuver aiming point was selected by the principal
investigators, and orbit determination personnel had determined a best estimate
of the trajectory, the required velocity correction was computed by utilizing a
linear search scheme with the integrating trajectory program (SPACE). The
required pitch and roll turns to align the motor thrust axis along the negative
velocity direction were computed, and the number of CC&S pulses required to
implement these turns was determined as a function of the spacecraft-tempera-
ture. The duration of the burn could only be controlled to the nearest 0. 05 sec.
In order to eliminate the effects of this resolution error as much as possible, a
modified velocity correction vector was determined with a burn duration an
integral multiple of 0.05 sec, the same spatial miss as before, and a slightly
altered time of arrival. This was done since the arrival time was generally a
less critical parameter than the spatial miss. Also, a bias was included in
selecting the maneuver aiming point to account for the small velocity increment
to be caused by unlatching the scan platform at a later time on the trajectory.
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After the three maneuver parameters, pitch turn, roll turn, and burn
duration, had been computed, the appropriate commands were stored in the
CC&S, and the maneuver was executed by ground command.
D. INFLIGHT RESULTS
The accuracy requirements for both Mariners VI and VII were satisfied
with only one maneuver for each spacecraft. The maneuver for Mariner VI was
computed on February 28, 1969 based on the best estimate of the orbit at that
time° It was determined that no constraints were violated, and the motor igni-
tion occurred at 00h54m44 s GMT on March i, 1969. The maneuver for Mariner
VII proved to be more involved. The standard maneuver with Canopus as the
roll position reference would have required a pitch turn of 69. 5 deg, causing a
battery share condition (tilting the solar panels by this an_ount).
Maneuver computations were made using the stars Vega and Sirius for the
roll reference. A similar problem existed using Vega_ but a more advantageous
maneuver resulted using Sirius. Consequently, on April 7_ 1969j the command
was sent to acquire Sirius, the final maneuver calculations were madej and
motor ignition occurred at 20h22m09s GMT on April 8, 1969.
Table 4-i indicates the actual maneuver parameters calculated, the com-
manded maneuvers, which differed from those calculated due to quantization of
the commands, and estimates of the actual maneuvers performed. Also given
are statistics on the maneuvers. The encounter parameters resulting from
injection and the maneuver for each spacecraft are shown in Table 4-2. Table
4-3 shows the sensitivity of the maneuver parameters to the time of maneuver
execution. Figures 4-1 and 4-2 show B plane diagrams (see Ref. 27 for Bplane
definition) of the Mars capture radius with actual and desired injection and
maneuver aiming points. The cone and clock angles of the earth and sun during
the midcourse turns for each spacecraft are given in Figures 4-3 and 4-4.
Figure 4-5 shows the 1 m/sec capability ellipses at the time of the maneu-
ver for each spacecraft along with actual and desired injection aim points and
desired post maneuver aim points, The actual post maneuver values quoted
are exclusive of the effects of the scan platform unlatch. Although the nominal
arrival times for MarinerVI andVIIwere 05hl8m00 sand05h05m00 s respectively,
JPL Technical Memorandum 33-469 4-5
Table 4-i. Mariner VI and VII Maneuver Parameters and Statistics
Compute d
Commanded:
Value s
Times (sec)
Best estimate of
actual value
Estimated error
A priori stand-
ard deviation
Error in stand-
ard deviations
Standard deviations
in estimate of
actual value
Mariner VI
PT (deg)
-23. 33
-23.44
130. 0
-g4. ii
1.68
0.23
RT (deg)
78.68
78.72
454.0
77.97
2.01
0.03
&V
(m/sec)
3. 0679
3.0679
5.350
3. 1456
0.0777
0.038
2. 04
0.008
Mariner VII
PT (deg)
-35.64
-35.58
193.0
-36.25
1. 74
0. 077
RT (deg)
- 12. 83
-12. 84
71.0
- 12.65
0.19
0. 352
O. 54
O. 185
AV
(m/sec)
4. 2920
4. 2920
7. 600
4.2879
-0.004i
0.054
O. 076
0.0t5
the desired times shown above for the midcourse maneuver are those which
were determined to lead to zero resolution error as discussed in the text.
MCR is the midcourse correction requirement to null the injection error
at the time of the maneuver; that is, the velocity required to alter the trajectory
to pass through the desired injection aim point rather than that actually achieved.
E. MANEUVER PROGRAM
This section will be devoted to a description of the computer program
used in flight operations to do maneuver calculations, including trajectory
integration, determination of velocity correction requirements, maneuver
parameter calculations, and analyses of constraints and statistics. The pro-
gram, called MOPM (Maneuver Operations-- Mariner), ran on the IBM 7094
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Table 4-2. Desired and Actual Encounter Parameters and Statistics
Injection
B. R (kin)
13• T (kin)
TCA
MCR (m/s)
Midcour se
B. R (kin)
B. T (km)
TCA
Miss in
number of
standard
deviations
Mariner VI
Desired Actual
-17900 -13077
5920 3684
7-31-69 7-31-69
05:46:39 04:41:26
2.075
Mariner VII
Desired Actual
18109 29324
-1324 -6840
8-05-69 8-05-69
05:10:18 04:49:13
1.936
-643 -410
7400 7786
7-31-69 7-31-69
05:17:26 05:18:44
0.29
3439 3537
6520 6669
8-05-69 8-05-69
05:01:02 05:00:i1
0.25
computer under the trajectory n_onitor JPTRAT. it consisted of nine sub-
programs, each of which could be run serially or individually, to perform vari-
ous tasks of the overall maneuver determination and analysis problem. Brief
descriptions of the functions of each of these subprograms follows. (See
Figure 4-6).
INTRO-INTRO is the basic control link of MOPM. It interfaces with the
orbit determination program to obtain the best estimate of the achieved tra-
jectory initial conditions, calls other subprograms to determine the resulting
trajectory, and prints all input, in addition to preliminary trajectory data.
Control of MOPM returns to INTRO after the execution of any requested series
of subprograms.
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Table 4-3. Sensitivity of Maneuver Parameters to Maneuver Time
Mariner VI_'.-"
Date
2/28
3/ol
3/02
3/07
Maneuver Time (GMT)
00:50:00
00:50:00
00:50:00
00:50:00
AV (m/sec)
3.122
3.073
3.032
2.874
PT (deg)
-23.65
-23.49
-23.31
-22.12
RT (deg)
78.66
78.38
78. ii
76.88
Mariner VIIi:'
4/02
4/05
4/08
4/12
20:30:00
20:30:00
20:30:00
20:30:00
4.332
4.300
4.282
4.273
-40.32
-38.46
-36.64
-34.24
- 13. 75
- 13. 32
- 13. 02
- 12. 79
_I_Mariner VI turns are based on a Canopus roll reference, Mariner VII
turns on a Sirius roll reference.
SPACE-SPACE is the single precision trajectory program which is used
for all trajectory integration in MOPM, and is called by a number of the other
subprograms for this purpose.
SEARCH-SEARCH is a program which iteratively determines the required
values of a set of independent variables in order to achieve a specified set of
dependent variables. In this application, it uses SPACE to determine the
required velocity components for a fixed set of position components to achieve
specified values of B.R, B.T and time of flight. The maneuver is assumed to
be impulsive, or of zero time duration. ":'_
",-'Afterthe maneuver has been calculated (modified to satisfy any constraints
as required) SPACE is run with an integrated burn. If this results in a signi-
ficant change, a bias is introduced to eliminate this change and the entire
process is repeated.
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ANAPAR-ANAPAR supplies analytic partials of the encounter parameters
with respect to the velocity components for use in SEARCH
DECPR--the DECPR subprogram computes the maneuver parameters
(pitch and roll turns) required to implement the velocity correction vector
determined in SEARCH. It then evaluates this maneuver for various constraints,
such as antenna pointing during the turns for communications, a requirement to
point the motor in the inaccessible cone, or a velocity magnitude exceeding the
spacecraft capability. Logic exists to modify the maneuver in a minimal way,
if possible, to satisfy the constraints, and determines the consequences of
these modifications. The modification to eliminate the timer resolution error
discussed previously is also done in this link.
PRPLS-PRPLS simulates the midcourse propulsion system, and uses
such data as maneuver velocity magnitude, spacecraft temperatures and pres-
sures, and engine operating characteristics to determine the required burn
duration. The subprogram is used iteratively with DECPR in determining the
modified velocity which nulls the resolution error.
COMGN-COMGN originally was used to convert the final maneuver param-
eters into a binary code to be transmitted to the spacecraft. This function was
performed elsewhere for the '69 n_ission, but the link was retained because of
other calculations performed within it. Among these were post maneuver
encounter statistics, the probability of impacting the planet for a given maneu-
ver, the change in geocentric range rate during the maneuver, and various
angles during the turns, including the cone and clock angles of various inertial
directions, the angles between spacecraft fixed vectors and inertial directions,
and the celestial latitude and longitude of spacecraft fixed vectors. COMGN
also writes a save tape for telecommunications analysis.
CAPEL-CAP]_L is a capability ellipse generator and is used only for
maneuver analysis for non-standard events, such as very large injection errors.
PLOTZ-PLOTZ is a plotting routine which may be called to plot capa-
bility ellipses, execution and ©D error ellipses, residual miss data from
DECPR, and cone and clock angles of the Earth and Sun during the turns.
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SE C TIO N V
OPTICAL OBSERVABLES
J. E. Ball, W. G. Breckenridge, T. C. Duxbury, R. E. Koch
A. INTRODUCTION
This section describes the results of the optical-approach navigation
experiment on the 1969 Mariner Mission to Mars. Telemetered data from the
Mariner spacecraft (Mariner VI and Mariner VII) were used with earth-based
doppler data to estimate the trajectories of both spacecraft in near-real time
operations. The telemetered data used included television (TV) pictures of
Mars and measurements of the TV pointing direction and spacecraft attitude
during the last few days before encounter. Processing of these data yielded the
spacecraft-centered and celestially-referenced direction to Mars; the direction
was used as the observable in a trajectory-estimation process. The experiment
represented the first effort to use spacecraft-based data from an interplanetary
spacecraft for the purpose of navigation. The experiment has laid the ground
work for future interplanetary missions requiring spacecraft-based navigation
data by demonstrating the feasibility of using this data type, within mission
time constraints, to successfully produce trajectory estimates.
B. SPACECRAFT MEASUREMENT SYSTEM
Instruments aboard the Mariner spacecraft which were used to obtain
navigation data included the narrow-angle TV camera, the far-encounter planet
sensor (FEPS), the two-degree-of-freedom scan platform, and the attitude-
control sensors. The TV camera and FEPS were mounted on the scan platform
(Fig. 5-1) such that their optical axes were parallel. During Mars approach,
the FEPS provided error signals for controlling the two gimbal axes of the scan
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Figure 5-i. Mariner Mars 1969 Spacecraft
platform to keep the TV camera pointed at Mars. The attitude-control sensors
(Fig. 5-2) consisted of a two-axis sun sensor and a star sensor. These sensors
produced error signals which acted through electronics and gas jets to control
the spacecraft attitude with respect to the sun and the star, Canopus. The FEPS
and attitude-control sensor error signals, the position of the scan platform
gimbals, and TV picture of Mars were telemetered to earth during the approach
to Mars.
C. SPACECRAFT-BASED OBSERVABLE EQUATIONS
The spacecraft-centered direction to Mars, Ap (Fig. 5-3) in a celestial
reference coordinate system is measured by combining measurements (Fig. 5-4)
from the spacecraft instruments. The line-of-sight to Mars, V, is defined in
the TV or planet sensor measurement system. The transformation from the
nominal measurement system to the celestial reference system, L, is computed
from the scan platform gimbal angle and attitude-control sensor measurements.
The transformation from nominal to actual measurement coordinates (I + E),
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Figure 5-2.
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Figure 5-4. Determination of Mars Direction
contains all the measurement error sources (except noise) mapped into _, three
equivalent coordinate rotations. Assuming that these are small angles, the
transformation is represented as
1 _3 -_Z
(I+ E) = I -_3 1 _1
I
k _2 -_i 1
(1)
whe re
-- 6 2 _-
¢
3.
e 1 + klV5 + dll
e 2 + k2_ + d 2
e 3
(2)
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The tern_s e l, e2, and e 3 represent the three equivalent constant biases; k 1
and k 2 are two proportional center-finding errors; d I and d 2 are the two drifts;
and • is angular diameter. Subscripts m and n are used to denote measured
and nominal vectors.
The actual spacecraft-planet vector is perturbed from the nominal by d_.
This is mapped to the actual sensor measurement coordinate system and per-
/x
turbed by noise l-iv to obtain the equation for V m
A
Vm = (I + E)L-I(_n + d_) + _v (3)
This sensor measurement is mapped to the celestial coordinate system by L
and differenced with the nominal to get the measured deviation from nominal
A A A
dPm LV L(I + E)L -I A d_) Am - Pn (Pn + - + (4)= = Pn LUv
A /_
Using Pn = LVn and keeping only first order error terms,
A
: d +LEV + - (5)dPm n LT]v
Two of the observables used in the demonstration were the Mars clock
angle _ and cone angle _ defined in the celestial reference coordinate system
with axes A, _, and AC.
c : (R - T)/IR - ¥1 = ClC2C T
_)/1@ x _1--[blb2b3] T (6)
A A A[ala2a3]T
a=bxc =
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Awhere _ is the Mars-spacecraft vector, R is the Mars-sun vector, and C is
the spacecraft-Canopus direction. The transformation M, from a Mars-centered
inertial reference system to the abc system, is expressed as
e
a I a 2 a 3
b I b 2 b 3
c I c Z c 3
(7)
The actual spacecraft-Mars direction, expressed as a function of F, is
given by
A r
p = -M
_ -Mr A =
Pa
Pb
_Pc J
(8)
where Pa'Pb'Pc are the abc direction cosines of _. Mars clock and cone angles
are expressed as
-l
= tan (Pb/Pa)
-1
p = cos (pc)
(9)
The partial derivative of measured clock and cone angles with respect to
the measured Mars direction is obtained from Eq. (9).
m
sin _ cos
sin 13 sin 13
cos _ cos _ sin ot cos 13 -sin 13
dpmA = Adam (lO)
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The partial derivative of the measured Mars direction with respect to the
spacecraft state mass of Mars, and measurement errors is obtained from
Eqs. (5) and (8), giving
A
dPm = -M dr A + PL dg + L_v (11)
where
0 - Pc Pb
Pc 0 -Pa
-Pb Pa 0
(12)
The deviations of the observables from variations of the parameters to be
estimated and random noise are obtained by combining Eqs. (I0) and (II) to give
= -AM drA + APL dr+ (13)
where _ is the measurement noise, qv' mapped to _ and _ as
= AL_v
Parameters estimated in the investigation were the spacecraft state and
mass of Mars defining dAr and the measurement errors, e I , e 2, e3, kl, k2,
dl ' and d 2.
From Eqs. (2) and (13) and the partial derivative matrix, Q, of Ar with
respect to the six state parameters and mass of Mars, the deviations of the
observables, c_ and _, with respect to the six orbital parameters and seven
measurement errors used in the linear estimation process are
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-AMQ APL
1 0 0 • 0 1
0 I 0 0 @ 0
0 0 I 0 0 0
d_
i
0
(14)
whe r e
d_ =
eleze klk 2 dld2] T
D. MISSION OPERATIONS
The near-Mars phase of the MM'69 mission was divided into two phases:
far encounter (FE), and near encounter (NE). The FE phase began a few days
before Mars encounter and continued until a few hours before Mars encounter.
Directly following FE was NE which continued until one hour past encounter
(E + lh). During FE, the scan platform pointing was controlled by the FEPS
and a TV picture was recorded about every 40 rain. Recorded pictures were
played back to earth while the spacecraft was being tracked by the Deep Space
Network station at Goldstone, California. FEPS, scan platform, and attitude-
control measurements were telemetered to earth in real time as part of the
spacecraft engineering data. The optical-approach navigation experiment used
data from FE.
The FE TV picture sequences of the first spacecraft, Mariner VI, and
the second spacecraft, Mariner VII, are illustrated in Fig. 5-5. The MM'69
mission was committed to 1=ake the Mariner VI TV and engineering data avail-
able to the optical-approach navigation experiment before E - 20h. For
Mariner VII, the mission was committed to make the first sequence of data
available before E - 40h and the second sequence of data available before E - 20h.
The last sequence of FE data from either spacecraft would not be used in real
time so that the navigation experiment would not interface with the mission at
the height of its pre-encounter operations. Trajectory estimates for the space-
craft, based on available earth-based and spacecraft-based data, were to be
made available to the mission before E - 12h.
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Figure 5-5. Far-Encounter Picture Sequence
A block diagram showing the software programs and information flow
of the software system for the real time demonstration is shown in Figure 5-6.
All programs to the right of the dashed line were part of the real time
approach on-board demonstration while the programs and other data to the left
of the dashed line were part of the mission real time system. There were two
programs computing corrections to the spacecraft orbit, one was the Radio
Optical ©rbit Determination Program (ROODP) and the other was the Optical
Observable Processor Program (OOPP). The difference between the two
programs are described in a later section. The solutions for the spacecraft's
orbit fron_ the two programs were monitored by the FPAC Director and avail-
able for his use only.
The operating policy of the demonstration was that it would have minimum
interference with the routine operations of the mission. The nominal trajectory
used for processing the optical data was obtained from Earth-based data taken
before the beginning of FE. The mission computers were used to process the
data only during the regular idle period of the mission operations.
JPL Technical Memorandm_ 33-469 5_91
a_I_
Z
_Q
U_
_Z_
Z
Q_
_Z
x _
0_
Z
Z_
0 _
0
o
o oz
g
0 u
z_
3 _,
_0
_._z
0_0_
_0
O_ O0
_ _o
0 0 _
4_0
z
w
_a
o_
_g
_'Z
'_o
_o
o
5
0
©
0
.s
I
k_
-r-i
5-10 JPL Technical Memorandum 33-4(79
E. REAL- TIME OPERATIONS
Telemetered engineering data from Mariner VI were obtained at E - 46h,
E - 36h, and E - 20h. The TV pictures were available at E - 25h. These data
were processed at the scheduled times of E - 44h, E - 34h, and E - 20h.
Trajectory estimates were available within a short period after these times.
The time needed for processing the raw data to produce a trajectory
estimate was approximately two hours. A majority of this time (_I. 5h) was
used to determine the location of the center of Mars in the TV pictures. Loca-
tions determined by two observers were averaged. Approximately 30 rain were
needed at the computer site to obtain a trajectory estimate from the formatted
input data. Each of the three computer programs comprising the software sys-
tem used about three minutes of central processor time (IBM-7094). The
remainder of the 30 rain was used for input/output and output evaluation.
Telemetered engineering data from Mariner VII were obtained at E - 70h,
E - 46h, and E - 20h. The TV pictures were available at E - 48h, E - 25h,
and E - 20h. These data were processed at the scheduled times of E - 68h,
E - 44h, and E - 20h. Because a trajectory anomaly affected the earth-based
tracking data and because of the success of the navigation experiment on
Mariner VI, the FE sequence of events was changed to allow the experiment to
obtain an additional i0 pictures during the period E - 24h to E - 22h to help
estimate the trajectory of Mariner VII.
All of the real-time objectives of the experiment were met. Spacecraft-
based measurements were obtained from the Mariner spacecraft and processed
by navigation software developed for the experiment. The data gathering and
processing were performed in near real time, and trajectory estimates were
made available to mission operations for use in encounter operations.
F. MARINER VI RESULTS
Mariner VI encountered Mars at 05:19 GMT on July 31, 1969. The space-
craft operations associated with taking on-board measurements for navigation
started two days earlier (E - 2d) when the scan platform was pointed toward
Mars. In each of these two days was a TV picture sequence. The spacecraft
data and TV pictures (Figs. 5-7 and 5-8 are typical of FE) from this far-
encounter period were used to obtain estimates of the Areocentric trajectory.
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Figure 5-7. Mariner VI Picture
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Figure 5-8. Mariner VII Picture
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Initial estimates and apriori statistics were based on radio tracking
data. Short data arcs were used to produce these starting conditions so that the
initial estimate differed from the best estimate available at that time and the
apriori statistics were fairly "loose. " This was done so that the optical data
would be able to change the estimate.
The parameters of the trajectory to be used in presenting the results are
the coordinates in the B plane (Fig. 5-9) of the approach asymptote intersection,
• R and B • T. The uncertainty of this aim point will be given as the 1_(40%)
error ellipse in the ]3 plane, the semi-major axis × the semi-minor axis
oriented at the angle O (clockwise) from T to the major axis. For Mariner VI
the nominal ( al)riori for approach navigation) aim point was (-15 kn_, 7489 kin)
with an error ellipse of 361 km × 79 km at -75 deg. The current best esti-
mate, as determined from the latest radio tracking data, is (-336 kn_, 7596 kin)
and will be referred to as the true aim point.
To demonstrate the feasibility of using these spacecraft-based data for
mission operations, the data were processed as they became available and
trajectory estimates were made in near-real time. Twenty four of the 34 far-
encounter TV pictures were used. Of the pictures not used, two were only
partial pictures of Mars; the times associated with three of the pictures were
not accurately known, and five pictures were not available to the experiment
during the near-real time operations. The 24 pictures were taken during the
time period from E - 46h to E - 31h. Engineering data were obtained for the
time period from E - 49h to E - 20h. The pre-encounter trajectory estimate
using the TV data is shown in Fig. 5-i0. The deviation of this trajectory esti-
mate from the true trajectory (-50 kin) is well within the uncertainty of the
estimate (_300 km - l_). The deviation of the pre-encounter trajectory esti-
mate using FEPS data from the true trajectory was over 700 km. This devia-
tion is attributed to the difference of the flight performance of the FEPS from
the expected performance as determined from pre-flight calibration.
After encounter, a complete set of data was collected, filling gaps of,
and extending, the data obtained in near-real time. A total of 46 TV pictures
and 40h of planet tracking was then available. These data were used to esti-
mate the trajectory using the apriori trajectory parameter covariance matrix
with both the apriori and current best (true) trajectories.
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Error Ellipse Using TV Data
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The results of using the TV data are shown in Fig. 5- I0 as the trace of
the esiin_ated aim point with respect to the true aim point. Time marks along
the trace indicate the number of hours to encounter. The error e]lipse, cen-
tered on the true aim point, shows the expected uncertainty of the estimated
aim point at 10h from encounter, the time of the last TV picture used. This
e]lipse is 173 km × 74 km at -74 deg. After g - 24h, there is a shift in the
negative T direction, apparently caused by a systematic or unmode]ed error
source. The most likely source for this error is a change in the ability to
locate the p]anet center in the TV picture as the image gets larger and begins
to fill the field of view. Even with this shift, the estimate has just over a i_
error in the T direction and much less than i_ in the R direction.
The estimate using IFEPS data showed a large systematic error fron_ the
beginning. The FEPS error signals at the times of TV pictures and the TV
coordinates of the planet center were used to re-calibrate the FEPS with
respect to the TV frame. The OOGP was re-run using the new calibration and
the output used for trajectory estimation. The results arc shown in Fig. 5-i]
as the traces of the estimated aim point. These traces now follow very closely
the TV estimates up to E - 24h from where the estin_'ates still degrade badly.
Again a systematic error in modeling the FEPS response to a larger, brighter
N,lars is suspected. This also appears as a significant signature in the resi-
duals, measurement deviations not corrected by the estin_ated parameters.
Figure 5-12 shows the clock angle residuals for the day before encounter. Also
evident arc deviations of the estimate spaced 24h apart, indicating shifts in
the tracked center of brightness as Martian surface features move across the
planel in, age. The error ellipse shown in Fig. 5-ii is 183 kn_ X 74 ]<n_ at
-74 deg.
For Niariner VI the estimate of the trajectory using TV data was within
the expected range of uncertainty, while the estimate based on FEPS data was
good to E - 24h but not after this tinge. Work is continuing on the evaluation of
the sensor performance and on improvements in the data-processing techniques
and software.
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G. MARINER VII RESULTS
Mariner VII encountered Mars at 05:01 GMT on August 5, 1969 after
three days of planet tracking and TV picture taking. However, a few days
earlier Mariner VII had experienced a "happening" from which it recovered
but without some telemetry channels. Among those channels lost were the fine
sun-sensor signals, gyro position signals, FEPS error signals, cone gimbal
coarse and fine readouts, and clock gimbal coarse readout. The approach
navigation measurements left were the coarse sun sensors and star tracker,
the clock gimbal fine readout, and the TV pictures, from which it was possible
to reconstruct only the clock angle measurement of planet direction using TV
data, and the scan platform clock position, assumed to point to Mars if the
planet tracking error averaged zero.
Since the "happening" affected the trajectory of the spacecraft, the radio
tracking data for the al)r#n'i trajectory was doppler data from E - 5d to E - 3d,
and the only parameters solved were six trajectory coordinates, the mass of
Mars, and three small forces acting on the spacecraft. This gave an Uln'i_n'i
aim point of (3799 kin, 6759 kin) with an error ellipse of 360 km× 182 km at
-74 deg. The current best estimate (true aim point) is (3615 kin, 6720 kin).
Modifications were made to the software to account for lost data, and the
spacecraft trajectory estimates were n_ade in near-real time as pÂanned. Fifty-
three far-encounter TV pictures were used: 26 from the first sequence, 17
from the second sequence, and i0 from the additional sequence. The pictures
were taken during the time period from R - 67h to E - 22h. Engineering data
were used from the time period E - 68h to E - 20h.
The pre-encounter trajectory estimate using TV data is shown in Fig.
5-13 and the estimate using scan-platform pointing direction is shown in Fig.
5-14. The estinaate using TV data was more accurate than the estinaate using
scan-platform data. Both trajectory estinaates were within their expected
accuracy from the true trajectory.
After encounter, the complete data set collected had a total of 65 TV
pictures and 50h of planet tracking. Using only the clock-angle measurement,
trajectory estimates were made using the aln'k)ri trajectory covariance matrix
and both the aprk)ri and true trajectories.
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The time marked traces of the estimates using T-V" data are shown in
Fig. 5-13, referenced to the true aim point. The error ellipse showing the
expected l_ deviation of the estimate from the true aim point, at the last pic-
ture time, is Z23 km X 151 km at -40 deg. The television data estimates show
no outstanding anomalies and lie well within the error ellipse.
The estimates using the clock angle of the scan-platform pointing direc-
tion are shown in Fig. 5-14 with the error ellipse at E - 6h of 230 km × 155
km at -45 deg. These estimates are again wellwithin the error but do show
some anomalies. Like Mariner XZI, there are deviations spaced 24h apart
(E - llh and E - 35h) that are probably related to shifts in the tracked center
of brightness as surface features move across the planet image. There is also
a systematic shift of the estimate between 1_ - llh and E - 6h probably due to
shifts in FEPS calibration with the larger brighter planet. Figure 5-15 shows
the signature in the platform clock-angle residuals for the day before encounter.
In general, the Mariner VII trajectory estimates using on-board optical
data were good despite the loss of some telemetry. This loss of data will,
however, preclude any detailed performance analysis.
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H. RADIO OPTICAL ORBIT DETERMINATION PROGRAM RESULTS
The operation of the programs is described schematicaIlyin Fig. 5- 16.
Radio tracking data and a set of initial injection conditions are first input to
the SPODP. The SPODP creates a DPMMP tape which contains the probe
ephemeris, variational equations, and information for each radio-tracking
observation. This DPMMP tape is next input to ROODP along with optical
approach guidance observations, and ROODP constructs a new DPMMP tape
which is enriched with optical information in a forn_at suitable for interpreta-
tion by the DPMMP. ROODP contains a bias error model which can estimate
up to 5 biases in the optical measurements: 3 bias errors in the orientation
of the scan platform on board the spacecraft, and fibiases to estimate the dif-
ference between the center of brightness and true geometrical center of Niars.
The DPMMP processes the information on this ROODP-generated
DPMN4P tape and computes increments to the initial injection conditions.
Various data types and data spans may be specified in any combination by the
analyst. The DPMMP process is a least squares fit which may be expressed
roughly as
J_I_&Q = R
where AQ are the increments to the original values of the estimated param-
eters, J_:-_is an accumulated matrix of partials; J_:_ = _ii!_l_i6iz, N observations,
_i = vector of weighted partials of the data type with respect to the estimated
th
parameters for the i observation, and R is an accumulated vector of residuals
v
ith
and partials; R = >-_i_l_i&Fi, N observations, &F.I = residual for the
observation, i.e., the difference between the observed value of a data type and
the theoretical value based on the present orbit estimate.
Statistics describing the confidence of the new estimate are obtained
-i
from the covariance matrix Y = J_:_
Since the DPMMP could not map the new injection conditions into the
encounter plane, the SPODP was used to perform this mapping operation.
The final result was a new value for t3 • R, t3 • T and the time of closest
approach.
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Figure 5-16. ROODP Flow Diagram
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The Radio Optical Orbit Determination Program results are tabulated in
Table 5-i through 5-4. Table 5-I lists the B-plane coordinates of the Mariner
VI and VII trajectories input into ROODP. These initial estimates were obtained
from the radio data solutions of the spacecraft trajectories taken at ten days
and five days respectively before encounter. The final estimate of the space-
craft trajectory after processing the on-board measurements is also listed.
The initial estimate from radio data was not the "best '_ radio sohltion available,
but was selected for demonstrating the power of the on-board data.
The spacecraft trajectory error ellipses in the B-plane are tabulated in
Table 5-2 for the corresponding solutions of Table 5-i.
Table 5-3 gives the B-plane coordinates of the "best" available B-plane
coordinates for the encounter spacecraft trajectory. Note that the differences
in B • R between Tables 5-L and 5-3 are only 4L and 38 km respectively.
Table 5-4 is similar to Table I except the results are from the Optical
Observable Processor Program (OOPP).
One variation between ROODP and OOPP is that ROODP modified equa-
tion 2 to the form
c ]
1
!
= c2 I =
I
¢3J
e 1 + Kl@
e 2 + K2@
e
3
This modification eliminated the two drifting parameters d I and d 2 from the
solution. The solutions for the spacecraft trajectory tended to be further away
from the correct solution when the optical data furthest from the planet was
used. However, when all of the optical data especially the data nearest the
planet was processed, the two programs obtained the same solutions for the
spacecraft's orbit as can be seen by comparing Table 5-1 with Table 5-4.
Figure 5-17 is a typical plot of the Mariner VI optical observables resid-
uals (observed data minus the computed data) after iterating on the 24 point
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Table 5-1. Optical Tracking Data (ROODP)
MA 6
MA 7
Original
Estimate
Optical
Result
Original
Estimate
Optical
Result
]3 • R, km
-14
-368
3795
3597
" T, km
7485
7473
6746
6774*
TCA, GMT
7/31 05h19m05_ 920
7/31 05h18m56_ 999
8/05 05h00m53 s 001
8/05 05h00m50 s. 000
':-'Loss of cone angletelemetry at E 7 - 127 hrs makes B • T estinaate less
accurate than B • R estimate.
Table 5-2. Statistics of 1_ Error Ellip'se (ROODP)
MA 6
MA 7
Original
Estimate
Optical
Original
Estimate
Optical
SMAA, km
360
159
36O
217
SMIA, km
8O
73
182
141
TCA, sec
6O
13
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Table 5-3. Radio Tracking Data
MA 6
MA 7
" R, km ±Io
-327 ±3
3635 ±5
• T, km ±io-
7603 ±2
6711 ±3
7/31
8/05
TCA, GMT ±i_
05hl9m07.Sl +0. 5
05h00m49§5 ±0.5
Table 5-4. Optical Tracking Data (OOPP)
MA 6
MA 7
-B --R, km
-327
3599
B-T, km
7469
6788*
TCA, GMT
7/31 05h19m00 s
8/05 05h00msz s
*Loss of cone angletelemetry at E 7 - 127 hrs makes B • T estimate less
accurate than B. R estimate.
obtained from the television pictures during real time. Figure 5-18 is a typical
plot of the doppler residuals from the Mariner VI optical solution.
I. CONCLUSIONS
All of the objectives of the optical-approach navigation experiment were
met during the pre-encounter and post-encounter activities. In meeting the
objectives, the use of spacecraft-based measurements for navigation, within
the time constraints of mission operations, has been shown feasible. Trajec-
tory estimates within their expected accuracy were obtained long before the
spacecraft entered the sphere of influence of Mars, demonstrating the accuracy
potential of spacecraft-based measurements. Future interplanetary missions
should expect significant increase in accuracy performance by using instru-
ments specifically developed for producing navigation data.
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Figure 5-17a. Mariner VI Clock Angle Residuals
1. O0
0.75
0.50
u_
..2
<
D 0.25
a
0
0
Z -0.25
<
0 -0.50
U
-0.75
( 0
0
)
) 0
F_ 0
O0 OL_ 0 0
0 o
0 0 ( 0
O
-1._
2h 3h _ 5h 6h 7h 8h 9h i0 h 11 h 12h 13 h 14h 15 h 16h 17h 18h 19h 20 h 21 h 22 h
JULY 29, 1969
Figure 5-17b. Mariner VI Cone Angle Residuals
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